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This project quantified the water quality of stormwater runoff from various surface types 
and used this information to design cost efficient Best Management Practices (BMPs) with high 
contaminant removal rates. On the WPI campus, the grass areas, access roads, and walkways had 
higher concentrations of contaminants than parking lots, main roads, and roofs. By targeting 
these surfaces, BMPs were designed with a contaminant removal rate of approximately 50% of a 
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 Executive Summary  
Without treatment of stormwater runoff, local water bodies can surpass their Total 
Maximum Daily Loads and suffer consequences including toxic nutrients and metals 
introduction, uncontrolled plant growth, plant death, and decreased levels of dissolved oxygen. 
These consequences are due to the nutrients, suspended solids, and metals found in runoff. These 
constituents are found in water naturally, but human activities and increased runoff volumes add 
to the loading. Stormwater runoff volumes are increased in urban areas as they continue to 
develop and produce more impervious surfaces. In order to control this runoff, stormwater 
management plans are implemented. One aspect of stormwater management plans are Best 
Management Practices (BMPs). BMPs are used to treat runoff before it returns to the 
surrounding environment. They are designed based mainly on TSS removal and runoff volume. 
However, since different BMPs can remove different contaminants, it is important to know the 
water quality of runoff coming off the land. Different land surfaces come into contact with 
different contaminants, and knowing these contaminants can have an influence on BMP 
selection. This can prevent over or under designing a BMP.  
The goal of this project was to quantify and analyze stormwater runoff composition from 
various land types to draw conclusions on the relationship between surface type and contaminant 
loading in stormwater and to determine the effects of these relationships on BMP design. This 
project was sponsored by Nitsch Engineering, a consulting firm. They were interested in 
stormwater runoff, specifically from the following surfaces: roads, walkway pavement, parking 
lot pavement, grassy area, standard roof, and green roof. The project goal was completed by 
researching BMPs, analyzing the WPI campus for optimal sampling sites, utilizing our sampling 
protocol, and analyzing the data to assess water quality issues. The stormwater runoff collection 
and sampling took place during three storms and at various times during the storm. Each sample 
was collected and immediately brought to the lab to the data testing and analysis could begin. 
The data analysis consisted of determining the levels of total suspended solids (TSS), alkalinity, 
total phosphorus, ammonia, manganese, iron, copper, lead, sodium, magnesium, calcium, 
phosphate, nitrate, nitrite, sulfate, bromide, chloride, and fluoride.  Afterwards, the loadings per 
surface area were calculated and the surface types were compared, which provided a basis for the 
determination of BMP locations and designs. 
 Without taking the surface type and contaminant loading into consideration, the resulting 
design was a constructed wetland by Salisbury Pond as a downstream treatment system. This 
design would treat the all of the stormwater runoff from campus without differentiating by 
surface type. This design provided 80% of TSS removal, 50% of total phosphorus removal, and 
38% of total nitrogen removal. A constructed wetland large enough to accommodate all of the 
runoff would cost approximately $87,000. Through analyzing the data based on surface type, we 
found that grass areas, access roads, and walkways and roads contained the highest loadings of 
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 TSS and nutrients on the WPI campus. Given this loading information, we created a design to 
target these surfaces utilizing rain gardens to treat the grass areas and insertable catch basin 
filters to treat the access roads and walkways. This design provided an overall TSS removal of 
46%, total phosphorus removal of 28%, and total nitrogen removal of 10%. The design based on 
surface type achieved approximately 50% of the removal rates of the full downstream design 
however, the surface based design treated only 38% of the runoff with a cost of $28,325, 
approximately 33% of the cost of the downstream design. This demonstrates that BMPs that are 
design to target surfaces with the largest contaminant loadings capable of removing comparable 
amounts of contaminants at a fraction of the cost of a design that does not consider surface types. 
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 Capstone Design 
This Major Qualifying Project (MQP) satisfies the capstone design requirements 
specified by the Civil and Environmental Engineering Department at Worcester Polytechnic 
Institute (WPI). This design component, which is part of a senior capstone and is necessary for 
graduation, is also consistent with the guidelines developed by the American Society of Civil 
Engineers (ASCE). ASCE defines a design component as a process involving an open-ended, 
ill-defined problem with iterative analysis and synthesis. The design process involves defining 
the problem in order to analyze the current system to synthesize a new system, while keeping 
various constraints in mind. The designs must meet specifications implemented by a state board, 
as the specifications for design differ based on zoning and local laws (American Society of Civil 
Engineers, 2018). In addition to specifications there are other constraints to consider when 
designing. Some examples of these constraints include environmental, economic, social, 
accessibility, and feasibility.  
Our design was a Best Management Practice (BMP) for a portion of campus. We 
determined that three rain gardens and a series of catch basin inserts would provide an 
appropriate approach for reducing the impacts of stormwater runoff from campus. This design 
manages the stormwater in the area and reduces pollutant loading, while following the 
requirements established by ASCE. Included is a plan to ensure the contaminants are held within 
the BMP, reducing the pollution in Salisbury Pond. The major constraints were performance in 
winter conditions, impact on student life, and constructability. The final design selected needed 
to survive harsh Worcester winters. It also needed to have minimal negative impact on student 
life, this means being in an area that does not cause inconvenience or propose safety risks. 
Constructability means minimizing both the time required to build and the size of the build area. 
Since the WPI campus is small, it is hard to have large excavations for design installment. 
Additionally, the cost of construction should not be so great that it is less expensive to remain 
with the current conditions. Also considered are the impacts of the following areas: 
environmental, constructability, sustainability, economic, social, and health & safety. For 
environmental, the design was constructed to minimize negative impact. Due to the nature of this 
project, it was desired that there was only a positive environmental impact as the reduction on 
runoff contaminants benefit the surrounding environment. For constructability, the design needed 
to be feasible for the WPI campus shape and size. The design was chosen to ensure 
sustainability, as it needs to last a longer time and continue to provide runoff treatment. For 
economic impacts, we wanted a design that was affordable. Cost was something we took into 
consideration with the downstream design versus the spot design. Social and health & safety 
were considered in respect to WPI students. The design was chosen and designed for areas that 
would not negatively impact the campus in a way that affects the students and/or their health & 
safety in a negative way. 
8 
 Licensure  
According to the National Council of Examiners for Engineering and Surveying 
(NCEES), professional licensure is necessary to protect the health, safety and welfare of the 
public from engineering malpractice. Consequently, standards have been determined, which 
define that an engineer must: acquire a degree from an Accreditation Board for Engineering and 
Technology (ABET) approved program, gain experience under the supervision of an existing 
licensed engineer, and pass a series of exams. By standardizing this licensure process, the public 
can know that the practicing members are knowledgeable, experienced, and accountable. 
The regulatory process for engineers in Massachusetts is defined in 250 Code of 
Massachusetts Regulation (CMR) sections 1-7. In this section: general provisions, registration, 
professional practice guidelines, surveying standards, and disciplinary enforcements are stated. 
The regulatory authority for licensing engineers and land surveyors, 250 CMR 3.00, is pursuant 
of Massachusetts General Law (M.G.L)  ​ch. 112, § 81D through 84T​ and  MGL ch. 13, § 45. 
These regulations state that in addition to the educational accreditation, experience, and 
examination any engineer or surveyor pursuing a license must obtain character reference letters 
and in some cases, a board conducted interview. The driving force behind these requirements is 
the level of education an applicant fulfills.  
For example, an applicant who receives a Bachelor of Science degree in engineering, 
from an ABET accredited program, will additionally require: three years of supervised 
experience, passing the Fundamentals of Engineering (FE) & Professional Engineers (PE) 
exams, a character reference letter, and does not require an interview unless some or all of the 
experience is accumulated prior to passing the examinations. An applicant who has received a 
Bachelors of Science in engineering technology requires the same standards in addition to four 
more years of experience. These requirements are outlined in 250 CMR 3.04 Table I and II of 
Appendix A & B. When obtaining a professional license in engineering and/or surveying it is 
essential to abide by a standard of care which will assure that the public’s health, safety, and 











 1.0 Introduction  
Water quality of stormwater runoff is quite variable and is often discharged directly to a 
local water body. This approach has historically been allowed because stormwater runoff tends 
to have significantly lower concentrations of contaminants as compared to wastewater. However, 
particularly during major storm events, high contaminant loads can enter a water body due to 
large runoff flow rates. These surrounding water bodies are assigned Total Maximum Daily 
Loads (TMDLs). TMDLs are the calculated levels of pollutants a specific water body can handle, 
while still meeting water quality standards (Environmental Protection Agency, 2018). High 
contaminant loads that exceed TMDLs resulting from major storm events carry possible 
consequences. These consequences include the introduction of metals and other toxic materials 
to vulnerable water bodies, uncontrolled plant growth due to unnaturally high nutrient levels, and 
limited plant growth through suspended solid contamination or lowered levels of dissolved 
oxygen. 
Contaminants of concern in stormwater can occur naturally but these contaminants are 
increased by human activity and are transferred to stormwater as it runs over a surface. 
Mitigation of these contaminants is usually performed through the implementation of a 
stormwater management plan. Stormwater management plans are guidelines for controlling 
stormwater runoff during and after construction of a new site. These plans typically consist of 
site and vicinity maps, information on non-structural controls such as hazard water and industrial 
waste discharges, and information on structural controls (Stormwater Management Joint Task 
Force, 2006). Surfaces are often characterized as either pervious or impervious. Continued 
development of urban areas results in an increase in impervious surface. That increase can 
impact the contaminant loads of local stormwater and create more concern for stormwater 
contamination in vulnerable water bodies. These impervious surfaces limit the opportunities for 
contaminants to be absorbed by soil and plants, resulting in more runoff reaching the nearby 
water body (Environmental Protection Agency, 2017). However, urban areas consist of a variety 
of land surfaces including open spaces, parks, streets, walkways, parking lots, grey roofs, and 
green roofs which can have different contaminant contributions.  
BMPs commonly are an important part of a stormwater management plans. BMPs help to 
manage stormwater by reducing nutrient pollution concentrations and contaminant loading in 
runoff through the use of structures such as rain gardens, detention basins, and stone swales. The 
type of BMP and its design characteristics is determined using specific design criteria. Such 
criteria includes wet weather conditions, local regulations, rainfall frequency, large storm 
hydrology, small storm hydrology, and ground water recharge hydrology (Clar, Barfield, & 
O’Connor, 2004). One concept missing from the design specifications is the variability of 
contaminant contribution by surface type. Different land types produce different levels of storm 
water quality. Comparing various land uses and their levels of contaminant loading in 
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 stormwater runoff can help determine if full stormwater management plans are optimally 
designed in certain areas. Determining if the plan is over or under designed will allow 
adjustments to be made which can ensure that all runoff is adequately treated with optimal cost 
efficiency.  
The goal of this project was to quantify the relationship between surface land type and 
contaminant loading in stormwater and to determine the effects of these relationships on BMPs 
design. In order to meet this goal, we sampled stormwater runoff during rain events at eight 
different points on the WPI campus that illustrate a variety of different land uses. These sites 
included: the Boynton parking lot, lightly traveled roadway next to Boynton parking lot, Institute 
Road, the grey and green roof sections of East Hall, sidewalk in front of Kaven Hall, grassy hill 
next to Boynton parking lot, and Salisbury Pond. The method for determining these location and 
a map of said locations can be found in methodology and results of this report. The samples were 
tested for the various nutrients and contaminants and compared to determine the variability in 
contaminant concentrations. This information was evaluated in relation to the design process of a 
stormwater management plan for a selected section of the campus. Two designs were created: a 
downstream design that would treat all runoff from the WPI campus, and a design based on 
surface type to target surfaces of concern to maximize pollutant removal. The removal rates and 
construction costs of the two designs were then compared to determine effectiveness of 
designing BMPs by surface type.  
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 2.0 Background  
This section will provide the background knowledge necessary to understand the purpose 
of this project, the basis for this project, and the involved parties. The purpose is outline by the 
sections detailing contaminants of concern in stormwater and the importance of managing 
stormwater runoff. The basis for this project is outlined by information on stormwater 
management techniques, various Best Management Practices, and previous work done on this 
topic. The involved parties are Nitsch Engineering and Worcester Polytechnic Institute, both 
having their own sections that include their interest and previous work on the subject of 
stormwater management. Understanding all of this information will give more meaning to our 
results as it helps provide context and importance.  
2.1 Stormwater Contaminants of Concern 
As stormwater flows over different surfaces, it picks up a variety of contaminants. Even 
if the surfaces are relatively free of contaminants, rainwater can contain constituents before it 
hits the ground. Rainwater has major constituents such as sodium, potassium, magnesium, 
calcium, chloride, bicarbonate, and sulfate and minor constituents including iodine, bromine, 
boron, iron, alumina, and silica. Rainwater also contains dust particles, that carry other 
contaminants (Carroll, 1962). The three most important types of contaminants present are 
nutrients, suspended solids, and metals. Since these contaminants are important concerns for this 
research, this section provides an overview of these contaminants.  
2.1.1 Nutrients in Stormwater 
 Some of the major types of contaminants of concern in stormwater runoff are nutrients, 
primarily nitrogen and phosphorous compounds. Nitrogen and phosphorous can enter water 
bodies through natural processes such as the weathering of rocks, fixation of nitrogen from the 
atmosphere by leguminous plants, decomposition of organic material, leaching from surrounding 
soil, and acid rain (Khwanboonbumpen, 2006). However, the amount of nutrients reaching water 
bodies is dramatically increased by human contamination in stormwater. This can come from 
landscape runoff from fertilizers and plant debris, pet and animal waste, detergents from car 
washing, and vehicle emissions (Environmental Protection Agency, 2018). Industrial discharges 
and improperly treated wastewater are also major contributors to nutrient pollution 
(Khwanboonbumpen, 2006). Although wastewater discharges tend to have a significantly higher 
concentration of nutrients than stormwater runoff, large volumes of stormwater during rain 
events can lead to water bodies receiving high amounts of nutrients (Environmental Protection 
Agency, 2018). This problem is further amplified in areas with a high percentage of impervious 
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 surfaces since there is no soil or plants to absorb some of the nutrients before the runoff is 
discharged into a water body or storm drain (Environmental Protection Agency, 2017). The high 
loading of nutrients can then cause an imbalance in the natural ecosystem of the receiving water 
body. 
 The growth of plants in a water body is normally kept in check by limiting growth 
factors, which are essential nutrients that are lowest in concentration. Phosphorous tends to be 
the limiting growth factor in freshwater systems while nitrogen is usually limiting in coastal 
marine ecosystems (Khwanboonbumpen, 2006). Therefore, when excessive amounts of nitrogen 
or phosphorus enter a water body, it can cause uncontrolled plant growth and begin a process 
called eutrophication (Environmental Protection Agency, 2018). Eutrophication is, “the process 
by which a body of water becomes enriched with organic material [that] is formed in the system 
by primary productivity and may be stimulated to excessive levels by anthropogenic introduction 
of high concentrations of nutrients” (Khwanboonbumpen, 2006). Eutrophic conditions lead to 
large, nuisance algal blooms or other excessive plant growth that is unaesthetic and limits the use 
of the water body (see Figure 1) (Environmental Protection Agency, 2018). Certain algae species 
can also have public health effects in areas where people swim or fish (Khwanboonbumpen, 
2006). Some of these algal blooms can be harmful, causing negative effects on plants, animals, 
and humans. Additionally, when these plants and algal blooms fall to the bottom of water body 
and decompose, they release more nutrients into the ecosystem and add to sediment oxygen 
demand (Khwanboonbumpen, 2006). This can continue the eutrophic conditions and eventually 
deplete dissolved oxygen which is detrimental to plant and animal life.  Some of these algal 
blooms can be harmful, causing negative effects on plants, animals, and humans. These harmful 
algal blooms do occur naturally, but human disturbances to the ecosystems increase their 




Figure 1: Eutrophication in the Mississippi River from agricultural runoff,  
source: (Lake Forest College, 2018) 
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 2.1.2 Suspended Solids 
Total Suspended Solids (TSS) are one of the most common forms of contaminants found 
in urban stormwater. While solids can be contributed from natural sources, such as stream bank 
erosion, the presence of TSS is greatly increased by various human activities. As water from a 
rain event flows across impervious and pervious surfaces, solids are accumulated and contribute 
to the pollutant load of stormwater. Major contributors to TSS in stormwater include streets and 
roads, the erosion of drainage channels, construction sites, and pervious surfaces, and 
atmospheric deposition of solid particulate matter (Environmental Protection Agency, 2018). The 
presence of high levels of suspended solids in a water body can negatively impact water quality 
and cause habitat issues due to increased turbidity levels and sedimentation. Reduction in the 
ability of light to penetrate the water body resulting from high turbidity levels can limit the 
growth of photosynthesizing organisms. Sedimentation of bottom deposits can alter the habitats 
of bottom-dwelling organisms (Environmental Protection Agency, 2018). The presence of solids 
in stormwater can also encourage the accumulation of other pollutants, including metals and 
nutrients, as the sediment acts as a medium for accumulation and transport of sediment-bound 
pollutants.  
2.1.3 Metals 
Some particular metals of concern in stormwater include copper, lead, zinc, chromium, 
mercury, nickel, and arsenic. Copper, lead, and zinc are the most prevalent. Heavy metals are 
primarily sourced from automobiles, construction, and industrial areas which can have 
significant impacts on receiving water bodies (Environmental Protection Agency, 2018). Vehicle 
exhaust residues from diesel and gasoline fuel have been identified as important sources of lead, 
mercury, zinc, silver, and copper. Automobile brake pads have also been identified as 
contributors of copper in stormwater (Lee, 1993). The presence of elevated levels of copper, 
lead, and zinc in stormwater is of concern because it is toxic to phytoplankton and can therefore 
negatively impact aquatic food chains. Lead is highly toxic to humans and aquatic life and serves 
no biological purpose, while the presence of zinc can impact gill function for various fish 
populations (Brooks Applied Labs, 2016). As communities continue to develop, the presence of 
heavy metals in stormwater is becoming more severe and there are already thousands of surface 
water bodies considered impaired due to heavy metal pollution from stormwater. 
2.2 Stormwater Management 
Stormwater Management is a vital component in decreasing the environmental impact of 
stormwater runoff and its contaminants. Managing runoff is also important to achieve the goal of 
reducing down gradient flooding and improvement of water quality (Dzurik, 2003; LePage, 
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 2010). A large contributor to the degradation of water quality is contamination from nonpoint 
source pollution (NPS) (Tsihrintzis, Hamid, 1996). NPS pollution is the buildup of residual 
contaminants in between precipitation events that are washed away during each storm. One 
approach to address these contaminants makes up of a buildup-wash off model (Wang, 2011). 
NPS is a specific type of pollution.  In NPS there is no specific point of origin, but instead there 
are various contributing points to the pollution. For example, the water running off of a roadway 
often has no one specific party responsible for the pollutants found. Instead, multiple parties, 
such as vehicles, building runoff, litter, pedestrians, etc. play a part in the buildup of pollutants. 
NPS is not exclusive to roadways, but can be found in many land use areas. In particular, urban 
areas contain a variety of land uses which may introduce different contaminants, making water 
quality a serious concern.  
Water quality can be improved through the implementation of Best Management 
Practices (BMP) by removing contaminants from runoff from a variety of urban surfaces. BMPs 
provide a way for communities to both lessen their environmental impact through pollution 
mitigation and comply with guideline set down by the Massachusetts Stormwater handbook. 
This handbook outlines that no untreated outfall can be released directly to wetlands or 
waterways, peak discharge must remain the same pre and post-development, groundwater 
recharge must remain constant or maximized and TSS must be reduced by at least 80% 
(MassDEP, 2008). However, in the shandbook, there is no quantification of contaminant 
concentrations in runoff from specific types which is an area of concern because urban areas 
consist of a variety of different land uses. Figure 2 shows the characteristics that dictate the 
management practices of runoff.  
 
Figure 2: Outlined land uses and the methods for choosing BMP design to mitigate runoff 
contamination to stormwater. Source: (Tsihrintzis and Hamid 1996) 
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 As outlined by Figure 2, urban land can be used in a variety of different ways which then 
can dictate the methods of treating NPS pollutants. However, these land-uses defined above are 
mainly composed of impervious and pervious surfaces. Knowing these levels of contaminants 
for each land surface type can have an effect on treatment selected. As previously stated, BMPs 
are one way to help treat these pollutants. There are various types of BMPs, and each remove 
different contaminants at different methods. The follow section explores the different BMPs 
available. 
2.2.1 Best Management Practices 
There are multiple types of BMPs in order to solve issues of stormwater management in 
various locations. These BMPs are covered in the Massachusetts Stormwater Handbook 
(MassDEP, 2008). This handbook outlines six different categories structural pretreatment, 
treatment, conveyance, infiltration, other, and accessories. These categories and examples of 
structures can be seen in Table 1 below. 
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 Table 1: Best Management Practice Possibilities​ ​(MassDEP, 2008) 
BMP Category BMP Examples 
Structural Pretreatment ● Deep Sump Catch Basin 
● Oil/Grit Separators 
● Proprietary Separators 
● Sediment Forebays 
● Vegetated Filter Strips 
Treatment ● Bioretention Areas and Rain Gardens 
● Constructed Stormwater Wetlands 
● Extended Dry Detention Basins 
● Proprietary Media Filters 
● Sand and Organic Filters 
● Wet Basins 
Conveyances ● Drainage Channels 
● Grassed Channels 
● Water Quality Swale 
Infiltration ● Dry Wells 
● Infiltration Basins 
● Infiltration Trenches 
● Leaching Catch Basins 
● Subsurface Structures 
Accessory/Other ● Dry Detention Basins 
● Green Roofs 
● Porous Pavement 
● Rain Barrels and Cisterns 
● Level Spreaders 
● Check Dams 
● Outlet Structures 
● Catch Basin Inserts 
 
Structural pretreatment BMPs are built into the area and treat the stormwater before 
sending it off to another treatment structure. Treatment BMPs treat the stormwater before the 
stormwater flows back into the surrounding environment. Conveyance BMPs treat the water, 
direct the flow, and control the volume of runoff and its final location. Infiltration BMPs focus 
on treating the stormwater and allowing it to infiltrate back into the groundwater. Other BMPs 
provide stormwater management and nutrient removal, but do not fall under the other categories. 
BMP accessories are not BMPs themselves, but may be necessary for the function of other BMP 
17 
 systems (MassDEP, 2008). There are various BMPs available, and each one has different levels 
of nutrient and TSS removal. 
2.2.2 BMPs and Contaminant Concentrations 
Choosing a BMP based on nutrients and contaminants present ensures that the BMP 
design can maximize pollutant removal. For example, an industrial facility which contains a 
large quantity of impervious surfaces may contain a greater number of deep sump catch basins. 
As outlined by Volume 2, Chapter 2 of the Massachusetts Stormwater Handbook, this form of 
BMP is valuable when removing trash, debris, and coarse sediment which may carry oils and 
grease because of the associated low infiltration rate. However, this form of BMP would lack 
effectiveness when treating TSS because of its low removal rating of 25% (MassDEP, 2008). 
The accumulated contaminants vary from land use to land use, as should the BMP design. In 
essence, the determination of constituent contaminations based on surface types will better the 
design, use, and cost efficiency of BMPs when managing stormwater runoff. 
In addition to determining the concentrations of runoff contaminants based on land 
surface, the volumetric loading rate will be necessary to determine the quantity of contaminant 
that are required to be treated. First flush analysis is important because contaminant 
concentration will be affected during this period. It was found that the first flush affected the 
concentration, in descending order, of solids, organics, and nutrients (Kim, Kim, & Yur, 2007). 
The largest contributing factors to the volumetric rate is the slope of the surface and soil 
composition (in pervious areas).  
Through the investigation of contamination composition based on surface type and 
volumetric flow rates from these areas, it will be possible to significantly improve the 
management of stormwater by tailoring stormwater management practices to specific areas based 
on the quantities of contaminants present in its runoff, advancing the protection of water quality. 
This is work that piques the interest of many, including Nitsch Engineering. 
2.3 Previous Work in this Area 
A common thread in the research referenced for this project was the reduction of 
pollutant loading in urban stormwater off impervious surfaces in order to protect vulnerable 
discharge water bodies. Overall, it was consistently noted that an increase in impervious surface 
area in urban settings increases the volume of stormwater discharged. However, when it came to 
further analyzing the runoff and determining the relationship between surface type and runoff 
quality we found that the research was largely based outside of the United States (barring the 
information provided by Nitsch). In looking to studies conducted around the world on the 
relationship between surface type and stormwater runoff quality it was found that a number of 
studies have identified runoff as originating from a number of small catchments that encompass 
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 different kinds of urban surface types. Three studies in particular conducted research to 
determine how surface type and contaminant loading are related.  
One project, conducted in Patiala City in India sought to “investigate stormwater quality 
from five different urban sub-watersheds (that differ in land use and development activities)” 
(Amarpreet, 2013). Stormwater runoff off on the five different urban sub-watersheds was 
analyzed for 5-day biochemical oxygen demand, chemical oxygen demand, total suspended 
solids, oil and grease, total phosphorus, heavy metals and other contaminants; of the pollutants 
analyzed total suspended solids, chemical oxygen demand, oil, and grease were found to be the 
major pollutants of concern in the runoff sampled. Catchments were characterized according to 
land use (commercial, residential, rural acreage-residential, mixed urban, and heavily traveled 
urbanized) and further broken down into percent grass cover, impervious cover, bare soil, and 
tree canopy. The results of this study drew strong correlation between land use and development 
activities and the stormwater quality sampled. 
An ongoing water quality project based in Queensland State, Australia (established in 
1999) analyzed stormwater runoff quality data off of three major catchments and 3 
subcatchments (Goonetilleke, 2005). Much like the previously cited study conducted in India, 
the catchments were broken down based on land use characteristics (forest, rural acreage 
residential, urban residential, townhouses, duplex housing, and detached housing) and percent 
pervious and impervious land cover. The stormwater sampled was analyzed for pH, total 
suspended solids, total nitrogen, total phosphorus, total organic carbon, and other contaminants 
with total suspended solids, total organic carbon, total nitrogen, and total phosphorus being 
identified as the major contaminants of concern. This study draws relationships between land use 
and stormwater quality but also explores the uncertainty in urban stormwater quality. The urban 
catchments investigated displayed the highest variability (standard deviation) in values for the 
aforementioned parameters, indicating a high level of variability in the quality of urban 
stormwater. Such findings are indicative of the difficulties in developing urban stormwater 
models and developing relationships between specific surface types and pollutant loading. 
Another similar study was conducted over the course of three years in Chongju, Korea. 
This investigation broke down the areas sampled into residential (commercial, multi-family, 
single family) and industrial (metal, food, textile) zones and tested the runoff water quality for 
5-day biochemical oxygen demand, chemical oxygen demand, total suspended solids, total 
phosphorus, and heavy metals (Choe, 2002). The results of this study indicated differences in 
pollutant loading between the residential and industrial zones overall, but no significant 
differences between the subcategories of each zone type. All of the above mentioned studies 
sought to determine how stormwater is affected by the landscape and surfaces it runs over. While 
all of these studies seek to break down the catchments sampled into land use types, they don’t 
quite focus on smaller scale surface types as we seek to do within this project. What can be 
gained from the results of this previous research is that land use and surface type has a 
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 relationship with pollutant loading in stormwater, what is more unclear is how each individual 
surface in the urban landscape contributes to the pollutant load. 
In order to further investigate the impact of surface type on urban stormwater we turned 
to research supplied to us by our contacts at Nitsch Engineering. Two articles in particular 
further explored the effects of surface type. In a study conducted in Wisconsin published in 
1993, the concept of stormwater micro-monitoring was first pioneering by Roger Bannerman and 
his colleagues (Bannerman, 1993). Over 300 samples from 46 micro-sites in two watersheds 
were analyzed for water quality. The result of this study concluded that streets were the number 
one contributor to pollutant loads in stormwater (four to eight times the expected load if all areas 
contributed the same. The same study observed that rooftop runoff was relatively clean and 
lawns and grassy areas contributed the highest overall phosphorus concentrations, potentially 
linking the results to excessive fertilizer use. 
Another stormwater micro-monitoring study was published in 1997 by Jeff Stauer and his 
colleagues that focused on a 289 acre subwatershed that drained to Lake Superior in Michigan. 
The team collected over 550 samples targeting key source areas identified as commercial parking 
lots, medium and high traffic streets, commercial and residential rooftops, and residential 
driveways and lawns (Steuer 1997). More than 40 different pollutants were tested for in the 
samples, including TSS, nitrogen, and phosphorous. The study found that the concentration of 
nutrients was quite high in pervious areas; samples from residential lawns had five to ten times 
the nitrogen and phosphorus concentrations of any other source area and were identified as the 
largest contributors of phosphorus in the subwatershed. Rooftop runoff had lowest nutrient 
concentrations, which corroborates the Rogerman study’s findings. Commercial Parking lots and 
medium and high traffic streets were also found to contribute disproportionate amounts of 
loading compared to the percentage of surface area of the subwatershed they covered. By 
concentrating such analysis on various surface types and the direct contributions of a kind of 
surface to the pollutant loading in a subcatchment more effective stormwater models can be 
generated and treatment for various pollutants can become more effective.  
2.4 Nitsch Engineering 
Stormwater management is a major component of civil and environmental engineering. It 
is something that consulting firms need to be consider in design and planning both during and 
after the construction of a new project. Nitsch Engineering is a consulting firm that specializes in 
providing communities with civil engineering, land surveying, transportation engineering, 
structural engineering, green infrastructure, planning and GIS services (Nitsch Engineering, 
2018). Further research into stormwater qualities from specific surfaces will aid Nitsch 
Engineering in their various projects. These include projects such as the improvements made to 
Taxiway D of the Logan International Airport where Nitsch performed a site visit and 
stormwater analysis in order to provide insight into optimal management practices (Nitsch 
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 Engineering, 2018). Nitsch also works in commercial areas such as the Upper Harbor Terminal 
in Minneapolis, Minnesota where best management practices are recommended in certain areas 
in order to meet stringent discharge guidelines like those of the Mississippi Water Management 
Organization (Nitsch Engineering, 2018). In addition, Nitsch collaborates with developers to 
create comprehensive stormwater management plans that promote sustainability such as the 
Stormwater Master Plan that they are making with the Harvard Business School (Nitsch 
Engineering, 2018). In all of these areas, knowledge of stormwater flows and qualities is 
essential. This information can be used to ensure that stormwater management practices are 
designed to adequately address contaminants from each type of area without overdesigning and 
unnecessarily increasing development costs. In an effort to explore this concept further, we will 
sample stormwater runoff from various land types on the WPIs campus. More information on 
WPI and stormwater management on campus can be found in the following section. 
2.5 Worcester Polytechnic Institute 
Our site of interest was the eastern portion of WPI’s campus. Within this site are eight 
points of interest where we focused our sampling. To decide on the specific sample locations we 
first needed to understand the campus and the current stormwater runoff management system. 
This included drainage systems, catchment basins, and even the green roof. Based on 
observations and computer modeling, it was concluded that the stormwater runs off of the 
impervious surfaces on campus into catch basins. The water flows from the catch basins to storm 
drains that lead to Salisbury Pond, taking the pollutants and nutrients from campus and polluting 
already damaged waters. In fact, Salisbury Pond suffers from polluted sediment, diminishing its 
recreational value and water quality. This sediment has built up due to years of stormwater 
runoff. The City of Worcester hopes to clean the pond, and part of that solution requires 
implementing better stormwater management systems around the pond, to prevent further 
sediment buildup (Kotsopoulos, 2013). The area of WPI campus that flows into Salisbury Pond 




Figure 3: Area of WPI Campus that drains to Institute Pond from StreamStats 
 
In order to improve upon stormwater runoff management on the WPI campus, the current 
campus runoff conditions and WPI-specific related work were examined. The Water Research 
Outreach Center (WROC) is a local WPI project center that explores issues related to 
stormwater. These issues include cost - benefit analyses of best management processes, 
educating the community on stormwater management, and tracking information on stormwater 
via databasing (WPI, 2018). A recent on-campus Interactive Qualifying Project (IQP) completed 
in April 2018 and based in the WROC project center, ​Stormwater Runoff Reduction on the 
Worcester Polytechnic Institute Campus​, explored stormwater across campus and explored 
possible BMP sites that could help mitigate the impacts of runoff. The project considered runoff 
flow and designed based on volume, aesthetics, and cost of implementation. The result showed 
that one area of campus, the grass Skull Tomb lawn located by the intersection of Boynton St 
and Institute Rd, contains about 25% of all of the campus drainage (Marsan, et al., 2018). The 
results of this project assisted in informing the team of the runoff conditions and delineating the 
need for improved management on the Eastern side of campus. 
A Major Qualifying Project (MQP), completed in May of 2014, focused on the 
development of a Campus Stormwater Management Plan and provided a design for the use of 
permeable pavement on campus as a means of reducing stormwater runoff. The management 
plan developed by this project included “an overview, public education and outreach, illicit 
discharge detection and elimination, construction site control measure, post-construction site 
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 control measure, and pollution prevention control measures,” and identified Boynton lot, the 
Quadrangle area, and the access roads on campus as priority areas for design (Marsan et al, 
2018​)​. Another MQP project completed in April of the following year (2015) sought to develop a 
“stormwater management strategy and design a BMP on campus to reduce WPI’s contribution to 
discharge water bodies” with a focus on reducing TSS loads being contributed to Salisbury Pond. 
The MQP team completed GIS and load analyses of current campus conditions in order to 
identify areas that contribute high percentages of the campus’s stormwater runoff and pollutant 
loads for TSS, nitrogen, and phosphorus to Salisbury Pond. Resulting from the team’s analysis, 
the Library downhill drive was identified as effective placement for a BMP design to reduce TSS 
loading. The tree box filter design proposed for this area has an expected annual reduction in 
suspended solids by 1800 lbs, phosphorous by 1.5 lbs and nitrogen by 12 lbs, resulting in a 





 3.0 Project Approach, Scope, and Objectives  
This section outlines the project approach, goal, and objectives. These three matters are 
explored to clarify and detail how this project was approached. The section addresses the 
constraints on the project, the objectives, and how they were developed to achieve the goal. 
3.1 Project Approach  
 Our approach for this project included two steps. First, we quantified pollutant loading in 
various stormwater runoff catchments and determined how these values differ by surface type. 
Second, we analyzed these effects and loadings in respect to applications of green infrastructure 
and BMPs to determine what was most effective. The approach included sampling and analysis 
of stormwater runoff at different locations in the area of the WPI campus to gain a better 
understanding of how runoff water quality varies by surface type. The analyses were then used to 
recommend improvements to WPI’s stormwater management through the recommendation of 
various BMPs. This project was sponsored by Nitsch Engineering, a consulting firm that was 
interested in characterizing the quality of stormwater runoff, from the following surfaces: 
walkway pavement, parking lot pavement, grassy area, standard roof, and green roof. 
Characterization of stormwater runoff quality was completed by researching BMPs, analyzing 
the WPI campus for optimal sampling sites, utilizing our sampling protocol, and analyzing the 
data to assess water quality issues. We then were able to determine where and how to best 
implement a BMP for the betterment of WPI’s stormwater management. 
3.2 Project Scope 
This project was done on the Worcester Polytechnic Institute campus from August 2018 
to March 2019. For the project, we collected samples from the WPI campus during rain events in 
the fall. These samples were sampled for contaminants that can be analyzed using the WPI lab. 
The resulting analysis will aid in BMP design. The designs were based on the current layout of 
the WPI campus, but without including the City of Worcester land nearby. The final deliverables 
of this project will be detailed analyses of various surface type runoff, BMP designs for the WPI 
campus, a report detailing the project, and a poster for project presentation day.  
3.3 Objectives 
In order to accomplish our goals we used the following objectives: 
1. Map and characterize the campus watershed and sampling sites. 
2. Sample various stormwater subcatchment areas to test for nitrogen, phosphorus, TSS, and 
other pollutants. 
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 3. Analyze the results to identify where different contaminants flow and how they might be 
mitigated. 
4. Use the research, sampled data, and analysis to design a BMP to implement on campus.  
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 4.0 Methodology 
This section of the report outlines the steps necessary to complete this project. It 
elaborates on on how each of the following objectives were achieved: characterizing the campus 
watershed, sampling stormwater runoff at various locations, results analysis for contaminant 
flows and possible mitigation, and designing a BMP for the WPI campus. Each section explains 
the steps for each objective in enough detail so that people can understand and possible recreate 
if necessary. These steps and objectives were necessary to complete the project goal of 
quantifying pollutant loading in various stormwater runoff catchments and determining how 
these values differ by surface type for analysis of these loadings in respect to applications of 
green infrastructure and BMPs to determine what was most effective. 
4.2 Use of GIS to characterize the campus watershed and sampling sites 
In order to achieve our first objective of mapping the campus watershed, we used Google 
maps and a variety of GIS software to create a watershed map of the WPI campus. In particular, 
we defined the location of structures, surface boundaries (pervious & impervious), soil 
classifications, and sub-watershed boundaries. The data was collected from Arcmap, Oliver GIS, 
Natural Resources Conservation Services (NRCS), and StreamStats. The data from each source 
was as follows: 
● Arcmap- surfaces boundaries, structure polylines, subsurface drainage systems, and t
topographical polylines. 
● Oliver GIS- wetland boundary, topographical polylines, tax parcels 
● StreamStats- subwatershed boundary polyline 
● NRCS- soil classification with descriptions  
● Google maps- aerial images  
This data was exported from each source as a shapefiles or tiff images and imported to 
AutoCad Civil 3D. They were then translated and rotated together to make one base map of the 
eastern portion of campus. 
This process allowed us to visually comprehend an initial understanding of: area surface 
features, drainage flow direction (surface & subsurface), the boundary of the sub watershed that 
drains to Salisbury Pond, and any other drainage conditions. This crucially aided in our 
determination of sampling sites. With this map several areas were determined to be adequate for 
sampling. Following this procedure we took the map and walked the campus to view the sites. 
This allowed us to further our decision of sampling locations.  
During our campus analysis we finalized our sampling locations. The sites that we 
determine to be adequate were chosen based on multiple characteristics. The first characteristic 
in this determination was an easily accessible location. Secondly, we isolated several surfaces 
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 types so we could understand contaminants from various isolated land uses. Finally, we chose 
locations that minimized surface cross contamination. 
Our final assessment was another campus tour during a measurable rain event. This was 
important to back up our initial assessments of the sample locations by witnessing runoff flow 
paths. Additionally, we were able to see which locations had measurable surface runoff. At the 
conclusion of our assessment we chose eight sample locations. 
4.3 Field Sampling Program 
This field sampling objective was reached by conducting research on existing sampling 
collection plans, and then using them to create our own. The purpose of the field sampling 
protocol guide was to provide a set of working directions to perform sampling activities in a safe 
and consistent manner.​ ​The sampling protocol was modeled after both The United States 
Environmental Protection Agency’s Field Sampling Quality Control (US EPA, 2017) and The 
Nitsch Engineering Field Sampling Control Guide (Nitsch Engineering, 2018). Stormwater 
samples for water quality analysis were collected using one of three methods. Sampling Method 
1 applied to outdoor sampling surfaces, Method 2 applied to roof sampling surfaces and Method 
3 applied to standing bodies of water. Velocity and area were calculated also using one of two 
methods. Method A was used for surfaces with pervious and impervious and Method B was used 
for roof sampling surfaces due to location. For more information on these methods, the locations 
they were applied to, and the full sampling protocol see Appendix C. 
In order to ensure the accuracy of our sampling, multiple quality assurance and quality 
control (QA/QC) steps are included in our sampling protocol including rinsing all sample bottles 
before use and using a plastic barrier between the surface and the sample bottle. Full QA/QC 
steps can be found in the sampling protocol in Appendix C. Duplicate samples were taken at 
several sites to test the effectiveness of quality assurance measures. These samples were 
collected at the same site as the original, at approximately the same time,  
Additionally, all laboratory tests were performed using consistent procedures (see Appendices 
E-K).  
When collecting samples, it was also important to label them properly so that QA/QC 
was maintained throughout the sampling process. For every sample a standard label was filled 
out before sampling commenced. The field characteristics of interest on the label were location, 
sample type, and date. Furthermore, all samples had the project type and a point of contact to 
eliminate any confusion in the community laboratory. See Figure 4 for the standard label for this 
project. The full description of our label naming conventions can be found in Appendix L. 
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Figure 4: Standard sample label 
 
In addition to properly labeling and collecting samples, the storm data needed to be 
recorded shortly after the storm. To determine the magnitude of the storms that were sampled, 
two monitoring locations were reviewed. The monitoring sites included: The Worcester Regional 
Airport and Stillwater River in Sterling. As a result of the data being eliminated from the 
respective websites after several days, the data was compiled shortly after the storm ended. 
These records can be seen below in Tables 2 and 3, while the full collected raw data can be 
found in Appendix L. 
 
Table 2: Recorded storm event classification of monitoring site one. 
















10/27/18 1.5 24 * * * 
11/3/18 1.4 24 * * * 
11/13/18 1.1 12 * * * 
* Data not provided by monitoring site 
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 Table 3: Recorded storm event classification of monitoring site two. 

















10/27/18 1 24 72 0.25 36 
11/3/18 2.5 12 12 0.5 24 
11/13/18 1.4 12 72 1 12 
 
4.4 Analysis to identify contaminants courses and mitigation options 
This section will serve as a guide for how we accomplished analyzing the results of the 
samples to identify where different contaminants flow and possible mitigation. It will explain the 
measurements we took in the field as well as the analytes and their lab procedures. 
4.4.1 Field Measurements 
There are several characteristics that were measured in the field when analyzing 
stormwater runoff. The velocity and cross sectional area were measured to understand the 
volumetric loading or flow rate of subsequent contaminants. Additionally, the temperature of the 
sample was taken before it reached the ice chest to conclude if there are changes in runoff and 
source water. Finally, the pH and dissolved oxygen (DO) were measured and recorded using a 
pH and DO probe.  It was important to test the DO concentration immediately due to its time 
sensitive diffusion characteristics. All records will be documented prior to sampling conclusion. 
Following field sampling, concentrations of various analytes were determined through several 
laboratory procedures.  
4.4.2 Lab Procedures 
 In order to better understand the pollutants and runoff collected, it was necessary to 
complete several different lab procedure and techniques to test for specific analytes. These 
procedures were important in safely and properly understanding the specific constituents of 
stormwater runoff from the WPI campus. For this project, many of the lab procedures were taken 
directly from the WPI Laboratory Procedures archive. Per Nitsch Engineering, the analytes we 
tested for were total suspended solids (TSS), alkalinity, total phosphorus, ammonia, manganese, 
iron, copper, lead, sodium, magnesium, calcium, phosphate, nitrate, nitrite, sulfate, bromide, 
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 chloride, and fluoride. In order to conduct the analysis of all constituents, 1350ml of runoff were 
collected per sample.  
Total phosphorus, ammonia, and TSS concentrations were determined using separate 
procedures; see Appendix E, Appendix, F, and Appendix G respectively. The alkalinity was 
analyzed using a titration based analysis, see Appendix H. Many of the analyses were processed 
using an ion chromatography system (ICS). These included: phosphate, nitrate, nitrite, sulfate, 
bromide, chloride, and fluoride. See Appendix I for the procedure of using the ICS system. The 
concentration of manganese, iron, copper, lead, sodium, magnesium, and calcium were 
processed by an inductively coupled plasma mass spectrometry (ICP MS) system, see Appendix 
J. Following a rain event and field sampling the samples were taken directly to the 
Environmental Laboratory at Worcester Polytechnic Institute. As previously mentioned, 
duplicates were collected as well. These duplicate samples were tested with the rest, to ensure 
both sampling and equipment quality. Additionally, lab duplicates were performed on the same 
sample from a location to ensure that the results were consistent. A summary of the average 
percent differences can be found in Table 4 as follows. 
 
Table 4: Average Percent Differences with Exclusion of Major Outliers 
Alkalinity TSS Manganese Iron Copper Lead Sodium Magnesium Calcium 
34.4% 8.85% 18.9% 13.7% 11.0% 7.86% 14.1% 7.07% 17.1% 
Ammonia 
Total 
Phosphorus Phosphate Nitrate Nitrite Sulfate Bromide Chloride Fluoride 
1.93% 15.1% 8.56% 17.2% 12.0% 18.1% 0.00% 14.6% 26.6% 
 
It should be noted that the percent differences account for variability in both the specific 
lab test and in sample collection. These percent differences represent the variability inherent in 
our approach and should be considered when assessing the validity of the results.  
4.5 Use the research, sampling, and analysis to design a best 
management practice to implement on the WPI campus 
This section will outline the steps necessary to complete the Best Management Practice 
(BMP) design based on research, sampling, and analysis. This section demonstrates how water 
quality information can inform the design of BMPs, using the WPI campus as a case study. Two 
designs were created for the WPI campus. The first used subwatershed areas to determine 
locations for specific BMPs. The other used our water quality data based on surface type to 
determine the types of land areas for specific BMPs. This allowed for comparison between the 
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 designs and for the evaluation of the merit of utilizing water quality data based on specific land 
types. 
4.5.1 Downstream Design 
The first step, using the created map in Autocad Civil 3D, was to delineate the eastern 
part of the campus watershed into several catchments to determine the number of catchments and 
the total area of each catchment. These catchments were delineated using their drainage patterns 
as determined by topography as well as roof pitches and catch basin drainage systems. This 
information was gathered from Arcmap and Google maps and their surface areas were calculated 
using Auto Civil 3D. This information was then used along with rainfall amounts for typical 
design storms in Massachusetts (one & two year storm for frequent events and 10, 25 and 100 
year for flooding events) to calculate volumetric flow rates from each catchment.  See Table 5 
for design storms for Massachusetts.  
 
Table 5: The precipitation frequency for Massachusetts (US Department of 
Commerce, et al, 2005) 
Partial Duration Series frequency estimates with 90% confidence interval (inches) 
Duration 
Average Recurrence Interval (years) 
1 2 10 25 100 
24-hr 2.5 3.12 4.06 5.92 7.57 
 
The volumetric flow rates from each catchment were used to determine the size 
requirement of a single downstream design that would treat the total flow. This was modeled 
using HydroCAD for the designated rain events. An area located downstream of all of the 
drainage catchments, as indicated by their individual drainage patterns, was chosen as the 
location for the downstream design. BMPs were then selected to meet adequate treatment rates, 
accommodate constraints of the specific design location, and to maximize construction 
feasibility. Since this downstream design does not take into account ways in which runoff water 
quality varies by surface type, it was taken as the baseline for comparison to our final design.  
4.5.2 Design Based on Surface Type  
In order to identify surfaces of most concern in the eastern portion of the WPI campus, 
both the concentrations of contaminants from each surface and the total area of the surface need 
to be considered. This allows us to quantify the contaminant contributions in mass loadings to 
find surfaces that contribute the most during a rain event. To do this, Civil 3D and Google Maps 
were used to divide the eastern portion of WPI campus by surface type: parking lot, light road, 
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 heavy road, walkway, grass, green roof, and grey roof. The rainfall from a one year storm was 
used as a point of comparison to determine volumetric flow rates from each total surface area. 
This information was then combined with the data we found through our laboratory procedures 
to determine relative loadings of each contaminant that would be discharged during a storm from 
each type of surface. The types of surfaces with the greatest contaminant loads became the focus 
for our design to most effectively improve the overall stormwater runoff from the campus. 
Locations were identified on campus that would allow a BMP design to treat the greatest amount 
of runoff from the surfaces of most concern. BMPs were then selected to most effectively treat 
surface runoff and mitigate any constraints for the design at each location. HydroCAD was used 
to model flows into each BMP during specific design storms (one & two year storm for frequent 
events and 10, 25 and 100 year for flooding events) in order to determine adequate sizings for the 
systems. Ease of implementation, maintenance, construction costs, as well as aesthetics were also 
taken into account when considering the overall design.  
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 5.0 Results  
This section presents the results illustrating the various concentrations of contaminants, 
and their relation to surface type and their effect on BMP design. This chapter provides 
information on the final sampling sites chosen, and the samples gathered. It also includes the 
results from the lab analyses and the conclusions related to surface type and contaminant 
concentrations and loading. Finally, it detail our final BMP designs with their respective cost and 
nutrient removal. There is also information on how designing based on surface type compares to 
designing based on volume for both removal and cost. 
5.1 Campus Mapping and Areas of Interest  
The result of the site analysis and locations can be seen in Figure 5. This figure shows the 
Areas of Interest (AOIs) and the sampling sites. The AOIs were chosen in order to represent 
walkway pavement, parking lot pavement, grassy area, standard roof, and green roof surfaces as 
well as Salisbury Pond, the water body that receives stormwater runoff from the WPI campus. 
Therefore, the types of areas shown in Table 6, were sampled. 
 
Table 6: Summary of  AOI Surfaces types and land uses 


















The specific sites were also chosen based on the fact that they all were accessible for 
sampling and that, during a rain event, they were observed to be high flow areas. The AOI 









Figure 5: Map of Sampling Points of Interest on the WPI Campus. Derived from 
OliverGIS, Arcmap, NRCS, Streamstats, and Google maps. 
These sites have several different criteria that made them areas of interest. This can be 
seen in Table 7. Table 7 also details the surface type, location, and sampling method that was 
implemented.  
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-Heavily used parking lot 
-Minimal Pervious Surface 
-Accessible drains/catch basins with 
decent flow in light rain 
-Boynton Street Lot WPI 
Campus 






-Lightly trafficked road 
-Minimal pervious surface 
-Gradual slope ~5-15% 
-Accessible drain with decent flow in 
light rain 
-Private WPI way 
adjacent to Boynton 







-Receiving water body for stormwater 




-Heavily trafficked road 
-Minimal pervious surface 
-Accessible drain with decent flow in 
light rain 
-Road drain at corner of 




-Isolated Sidewalk Drain 
-Accessible drains/catch basins with 
decent flow in light rain 
-Flat 
-Sidewalk catch Basin at 
the Bottom of the Steps 
beside Fuller Labs 




-Isolated Green Roof drain 
-Accessible drain with decent flow in 
light rain 





-Isolated Grey Roof drain 
-Accessible drain  with decent flow in 
light rain 





-Steep slope ~15-30%  grassy area 
-Maximum pervious surface 
-Area free of heavy tree cover or 
manmade structures 
-Grassy hill adjacent to 
skull tomb (Corner of 




 5.2 Objectives 2 and 3: Sample Collection and Analysis 
As stated in the Methodology (section 4.4.2), our constituents of interest were; total 
suspended solids (TSS), alkalinity, total phosphorus, ammonia, manganese, iron, copper, lead, 
sodium, magnesium, calcium, phosphate, nitrate, nitrite, sulfate, bromide, chloride, and fluoride. 
The hypothesis driving this project was that concentrations of these constituents would differ by 
type of surface: parking lot, lightly trafficked road, heavily trafficked road, walkway, green roof, 
grey roof, and grass hill. Therefore, data in this report are presented in order to compare 
concentrations of each pollutant between the various surfaces. Data was also collected within a 
close proximity to the discharge water body (Salisbury Pond). This was necessary to provide 
information about contaminants polluting the adjacent water body that are likely to have been 
contributed, in part, by stormwater runoff from the WPI campus. Averages of the concentrations 
measured from the samples taken during the different storms and times during storms are 






















Figure 6: Average Concentrations of Analytes by Surface  
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 Note that the concentrations plotted in Figure 6 are averages of all concentrations 
measured. This include values from samples taken from different storms and at different times 
during these storms. To view data specific to each storm and sample time, see Appendix L. Also 
note that the values for Salisbury Pond are plotted in the range of 0 to 50 mg/L while the other 
sites are plotted in the range of 0 to 9 mg/L because of the elevated concentrations measured in 
samples from Salisbury Pond. Additionally, the measures of ammonia, total phosphorus, 
phosphate, nitrate, and nitrite and presented in units of mg/L as phosphorus and nitrogen 
respectively. 
The highest overall magnitudes of pollutant concentrations are shown in the Grass Hill 
and Heavy Road graphs in Figure 6 with the lowest magnitudes coming from samples of the 
Parking Lot and Grey Roof surfaces. This would begin to indicate that grassy areas and heavily 
trafficked roads should be considered areas of focus for BMP implementation as this would treat 
runoff with the highest concentrations of contaminants, while parking lots and grey roofs should 
be considered nearly negligible. This would allow runoff of the most concern to be specifically 
treated while maintaining a set budget. However, as will be discussed in section 4.4, the amount 
of area of each surface in a particular urban environment influences the determination of 
prioritized locations for BMPs as this determines the volumetric flow from the area. Therefore, 
the loading by mass of the analytes from each area is a more effective method of comparison as 
it takes into account both concentrations and volumetric flow. 
It can also be observed in Figure 6 that there are high concentrations of both sodium and 
chloride at all sample sites likely from road salt. This came as a surprise because all samples 
were taken during the fall season before the first snowfall and the roads and walkways on the 
WPI campus were not visibly salted until after our last sample was taken. This indicates that 
sodium and chloride have accumulated on a wide range of surfaces from previous winter 
seasons. It is especially concerning because these contaminants are then transferred into 
Salisbury Pond as runoff, where we found the average sodium and chloride levels to already be 
35 and 43 mg/L respectively. 
It should also be considered that contaminant concentrations varied during the duration 
on a single storm. This is due to variance in flowrate and the degree to which runoff removes and 
picks up contaminants from a surface. An example is shown in Figure 7 of the grass hill and light 
road surfaces using the cation and anion concentrations which were sampled at four points 




Figure 7: Concentration Curves over Duration of 11/3 Storm 
 
This storm began at approximately 12:00 am on November 3rd (11/3) and the first 
sample was taken at 7:18 am. Therefore, the first flush of contaminants in the storm was missed. 
However, the concentrations of both anions and cations at each storm follow a similar 
distribution of increasing to peak at around 8:30 am, decreasing, then increasing again at 10:38 
am. This follows the changes in storm intensity as the quantity of rainfall increased at 
approximately 8:00 am and 10:00 am as shown in Figure 8 below. 
 
Figure 8: Rainfall during 11/3 Storm from Worcester Airport Rain Gauge 
The rainfall data is measured as a rate of inches per hour as collected by a rain gauge 
located at the Worcester Airport.  
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 Total suspended solids and total phosphorus are contaminants of particular concern for 
stormwater quality and for BMP design in general. The Massachusetts Stormwater Management 
Standards include a requirement to remove 80% off total suspended solids from stormwater 
runoff (MassDEP, 2018). Concentrations of these two contaminants that are contributed from 





Figure 9: TSS and Total Phosphorus Concentrations by Surface 
 
The grass hill area exhibits high concentrations in both total suspended solids and total 
phosphorus in Figure 9. The walkway area had the highest concentration of TSS however, it had 
one of the lowest concentrations of total phosphorus. This shows that the major contributors of 
contamination vary.. When attempting to reduce TSS contamination, grass hills and walkway 
would be target areas for improvement. However, heavily used roads and grass hills would be of 
greater concern if the focus is to reduce nutrient contamination. Though the areas with the 
greatest contribution of contaminants on a site depends of the amount of area of each surface 
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 type on the site, as will be explained in Section 4.4. It can also be observed in Figure 9 that the 
grass hill area contained a concentration of total phosphorus that was significantly greater than 
the other sampling sites. Initially, we believed the elevated phosphorus levels were due to the 
fertilizer being used on campus. The specific fertilizer composition can be found in Table 8. 
 
Table 8: WPI Fertilizer Composition in 2018 Season Applications (WPI Facilities, 2019) 
Date Applied Nitrogen  Phosphorus Potassium Note 
5/2/18 19% 0% 7% With Dimension (crabgrass control) 
6/5/18 25% 0% 5% - 
8/15/18 19% 0% 2% With Merit (grub control) 
9/10/18 25% 0% 5% - 
10/9/18 25% 0% 5% - 
 
The fertilizer applied on the WPI campus during the study period does not contain 
phosphorus and therefore is not contributing to the high levels of phosphorus in the grass areas. 
This indicates that the phosphorus contamination is likely not as result of the fertilizer and may 
be result of natural phenomena such as weathering of rocks, atmospheric deposition, 
decomposition of organic material, or leaching from surrounding soil. However, the presence of 
nitrogen in the fertilizer could have affected measured total nitrogen concentrations at the grass 




Figure 10: Total Nitrogen Concentrations as a Function of Sample Date 
 
The last application date of fertilizer was October 9th (10/9) and our first sample 
collection date was on October 27th (10/27). Samples were then also collected on November 3rd 
(11/3) and November 13th (11/13). Figure 10 shows a steady decrease in total nitrogen 
concentrations from 1027 to 1/13. The could indicate that total nitrogen levels were high on 
10/27 due to the last fertilizer application on 10/9 and decreased as time passed and stormwater 
runoff washed away residual fertilizer. 
5.3 Objective 4: Best Management Practice (BMP) Design 
This section will outline the delineation of the subcatchments, the analyzed contaminant 
loading by surface, and the determined locations of interest for BMP Design.  
5.3.1 Delineation of Subcatchments  
In order to complete a downstream BMP design, the stormwater runoff from the eastern 
side of the WPI campus needed to be quantified. This included delineating the area into separate 
catchments based on their drainage patterns as well as determining the size of the catchment and 
the percentages of the urban surface within its delineated boundaries. After this, it was 
determined that there were five subcatchments existing within the eastern side of WPI’s campus 
with a sixth catchment including Institute Park, city property. It is important to note that two 
decisions were made when executing this objective.  
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 The first decision was whether to include off campus surfaces. In two subcatchments, 
WPI runoff was combined, off site, on city property in subsurface drainage systems. Therefore, 
these subcatchments include city property (Institute Road and Boynton Street) because campus 
runoff could not be isolated from the contributions of the city. Additionally, it was determined 
that AOI #4 was on city property, within the catchment, so the contributions were relevant.  
Secondly, an accurate understanding of the roof drainage system could not be 
determined. A Google map image was used to subdivide the roofs accordingly. Pitched roofs 
were subdivided by pitch direction and added to the respective subcatchments. Flat roofs were 
approximately subdivided and added to adjacent catchments. Roofs that were completely within 
a catchment were determined to contribute its runoff directly to the catchment. 
The complete catchment delineation map can be seen in Figure 11 and the catchments 
were numbered in a counterclockwise manner starting with catchment #1 in green and catchment 




Figure 11: Delineated Subcatchments on the eastern portion of WPI’s campus 
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 Catchment areas were characterized as either pervious or impervious surface in order to 
define the quantity and flow rate of runoff from each catchment. When quantifying the 
percentages of surface type within each subcatchment the data taken from Arcmap and a Google 
map images were utilized. To improve the surface type understanding, within each 
subcatchment, additional surface boundaries were drafted from the Google image that were not 
included in the exported data from Arcmap. Within Autocad Civil 3D, the surface type areas 
were determined and compiled in Table 9.  
 
Table 9: The determined surface quantity in acres of each subcatchment  













Impervious 2.19 3.38 0.41 2.47 2.38 0.41 
Pervious 1.08 3.27 0.92 1.23 0.89 6.29 
 
5.3.2 Contaminant Loadings by Surface Type  
In order to design BMPs based on surface type, it was necessary to determine the 
contribution of contaminants from each type of surface. This involved the use of the 
concentrations of analytes at each surface as presented in section 5.2 of the Results. The total 
area of each surface type were calculated with Auto Civil 3D using data from both Arcmap and 
Google map images. The surface type areas are shown in Table 10.  















1.25 2.03 1.95 2.31 0.13 3.54 7.39 
Loadings of each contaminant by surface type were calculated using the concentrations of 
contaminants at each surface and their total areas of campus. Runoff volumes were determined 
based on the rainfall depth of a 1 year storm (2.55 in). This provided information on the quantity 
of contaminants that were contributed by each surface type to the total load of contaminants in 
runoff from the WPI campus. Therefore, BMPs can be designed to treat runoff from specific 
surfaces that would provide the highest amount of pollutant load while treating minimal 
volumetric and thereby minimizing sizing and implementation costs. It is important to note that 
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 the relative load depends on the contributing area, which in this case is the total area of a 







Figure 12: Loading of Contaminants from each Surface Type on WPI Campus 
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 Note that all graphs are presented on an axis from 0 to 2,000 g except for the grass area 
which is presented on an axis from 0 to 40,000 g due to its large magnitude. As seen in Figure 
12​, ​the largest loading came in the grass area followed by both the light road and walkways. 
With this, the BMPs were chosen for the design based on surface type in order to mitigate the 
pollutants from the two largest contributing surfaces: grass areas, lightly trafficked roads, and 
walkways.  
5.3.3 Determination of BMP Design Locations 
After completing the sample analysis, it was determined that there were three surfaces on 
WPI’s campus which had high concentrations of contaminants per square foot. These surfaces 
include grass areas, lightly trafficked roads, and walkways. The locations of the BMP design 
were specifically chosen to be at locations on campus with high percentages of these surface 
types. In particular, there was a significant amount of grass and roadways within Catchments #1 
and #2. Within these catchments there were three areas of design. The first, was located in the 
grass area next to the Atwater Kent building on the corner of Salisbury Street and West Street 
(Lightly traveled access road). The second and third locations were on the grass hill near Skull 
Tomb, which runs parallel to Institute Road in front of Boynton Hall. These three surface design 
locations are represented with green X’s on Figure 13 as follows. 
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Figure 13: The expected BMP design locations. 
The red asterisks mark catch basins which are of concern for the surface based design 
because they receive runoff from both lightly trafficked access roads and walkways. The orange 
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 circle represents the location for a downstream design as all runoff from the eastern portion of 
the WPI campus drains to this general area before discharging into Salisbury Pond. 
5.3.4 Downstream Design  
In order to create a baseline for comparison, a downstream BMP design was created. In a 
downstream design the runoff is directed into a system that is intended to treat all of the runoff 
coming from upstream. This would mean that the pollutants coming from all of the catch basins 
on the WPI campus and surface runoff would be collected and treated at a central downstream 
location.  
When researching downstream designs, there were several options that did not meet the 
specific needs of the treatment system. The first limiting factor was the existing subsurface 
drainage system. Currently, most of the easterly part of the WPI campus drainage system is 
collected in catch basins, that pretreat the runoff, before it is diverted through pipes to the design 
point. As a result of the existing structural pretreatment BMPs (oil/grit separators, catch 
basins,etc.), there was no need for this component in the design. The next limiting factor, that 
voided certain BMPs, was the drainage network itself. The existing runoff is already being 
diverted to the design point, without treatment, and does not need to be transported to a treatment 
area. Therefore, Conveyance BMPs (drainage channels, water quality swales, etc.) were 
neglected. Finally, because the primary purpose was to maximize treatment and infiltration, any 
BMP that limited the amount of infiltration was eliminated from the prospected design. 
The two options that were determined to be the best fit for design purposes were a 
constructed stormwater wetland and a subsurface infiltration system. The constructed wetland 
would have been designed to be located in Institute Park, adjacent to Salisbury Pond, at the end 
of the existing drainage network. The constructed wetland was a possibility because it could 
account for a large volume, resulting from the magnitude of the area it is treating, and it would 
add a pleasing appearance to the park. Additionally, because the existing catch basins pretreat the 
runoff (trash, oils, and debris) the primary focus of the design could be isolated to advance 
treatment and maximize infiltration.  The second option was similar in this manner because 
pretreatment allowed for the design to be tailored to additional treatment and infiltration. By 
placing this design underground, no parking spaces would be compromised. Although, this type 
of design presented a more desirable characteristic by treating runoff underground; it was 
determined to be the least plausible because the water table was expected to be high in this area. 
The close proximity to Salisbury Pond and existing vegetation validated this decision when the 
location was reviewed in the field. Additionally, when making this analysis, the cost 
effectiveness of the construction was taken into consideration. By raising the system to meet 
groundwater offsets more material would be required, which would increase the cost of material 
associated with the design. After discussion and research it was decided that the constructed 
wetland would be the better downstream option.  
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 The downstream control system would treat the majority of runoff from campus 
regardless of surface type. This wetland would allow for the removal of pollutants that come 
from the entire upstream system. The wetland would include a sediment forebay as pretreatment 
and a large constructed pond. This would provide removal rates of 80% removal of TSS, 20-55% 
of total nitrogen, 40-60% of total phosphorus, and 20-85% metals. Constructed stormwater 
wetlands provide for relatively high removal of pollutants and low maintenance cost (MassDEP, 
2008). However, they tend to be large and costly to construct. When analyzing the downstream 
design flow it was vital to determine the flow capacity running off the six delineated Catchments. 
See Figure 14 for this analysis.  
 
Figure 14: Drainage Capacity from each Sub Catchment into a Downstream Design 
utilizing HydroCAD and AutoCAD Civil 3D 
Using a 25 year storm as an example, peak flow rates from each sub catchment do not 
exceed 30 cubic feet per second but their cumulative flow rate reaches 122 cubic feet per second. 
Because of this peak flow rate from the upstream catchments, the design would have to be quite 
large to have enough storage which would drive up construction costs. Another limitation of the 
downstream design is its proximity to the wetland surrounding Salisbury Pond. Construction in 
this location would need to take into account any regulations or special permits that required 
when building near a wetland and near protected plant species along the water’s edge. This 
would include a 100 ft buffer from the water’s edge which could interfere with the required size 
of the design in order to ensure adequate treatment. However, this may be able to be overcome 
with a special variance.  
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 5.3.5 Design Based on Surface Type  
A surface type design was addressed as a potential stormwater management improvement 
to WPI’s campus for two reasons. The first reason, is that it would isolate and treat areas that 
contribute the most pollutant loading during a particular storm event. This characteristic allows 
for an immediate treatment to poor quality runoff before it can contaminate other surface runoff 
that is minimally or not contaminated at all. The next purpose for choosing surface design, is to 
minimize the overall size of the treatment system. By confining treatment to critical 
contaminated surfaces, the overall system size can be significantly reduced, while also 
maximizing the pollutant removal rate. Furthermore, the reduction in size is advantageous to the 
total cost associated with the stormwater management system implementation and maintenance. 
Rather than treating all stormwater as a whole, designs could be methodically placed to address 
surfaces with the most contamination to achieve a more efficient system. 
The surfaces of most concern were grass areas, lightly trafficked roads, and walkways so 
the design based on surface type targeted these types of areas. The three design locations that 
would maximize the treatment of runoff from grassy surfaces are the grass area next to the 
Atwater Kent building on on the corner of Salisbury Street and West Street, and two locations on 
the grass hill near Skill Tomb and parallel to Institute Road. These locations can be seen mapped 
in the BMP Design Locations section previously (figure 13). There were several physical 
characteristics associated with these locations that dictated the form of BMP that would be 
implemented. With regards to the Atwater Kent location, there was minimal space to design a 
BMP. Therefore, the design had to be compact, while also effectively capable of removing 
pollutants. This physical trait restricted the possibility of treating multiple contaminated surface 
types in the area. This proposed stormwater management improvement is strictly limited to treat 
the grass area. Regarding the second and third locations, the existing slope varies between 
8-23%. Although, this limiting factor restricted the type of BMP, it was determined to be a 
crucial location to improve runoff quality. The significant quantity of grass, within Catchment 
#2, and potential contaminant loading it contributed to the campus runoff placed it at the 
forefront of our design locations. It was concluded that the design at this location would attempt 
to capture and treat as much of the hill as possible. This was additionally reinforced because the 
area is naturally undisturbed and poses no size limitations. 
As a result of these limitations the BMPs were chosen from a few potential candidates 
such as a Downstream Design, existing Structural and Conveyance BMP’s within the campus 
boundaries made these BMPs irrelevant for this case. Additionally, the goals of minimizing 
storage capacity and maximizing infiltration were still of interest. The next standard involved the 
particular contaminants of interest. In many cases, such as dry detention basins for example, 
efficient removal could not be achieved and were therefore ruled out. Finally it was determined 
that rain gardens, at the isolated locations were the best option when choosing a BMP.  
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 The rain gardens would not only improve aesthetics around campus with the planting of 
flowering plants and shrubs, but also increase the removal of pollutants to Salisbury Pond and 
the surrounding area. By diverting stormwater runoff and then treating it for pollutants (via 
plants) the BMP will mitigate the amount of nutrients leaving the WPI campus. Rain gardens are 
relatively low maintenance and have high removal installations. They provide for 90% TSS 
removal, 30-50% total nitrogen removal, 30-90% total phosphorus removal, and 40-90% metal 
removal (Mass DEP, 2008). The rain gardens will contain a multitude of plants that are salt 
tolerant and effective at removing different types of pollutants coming from grass, roadways, and 
walkways. When choosing these plants it is essential that they be salt tolerant (due to de-icing 
activities during the winter months) and native to the New England Area. Some examples are as 
follows; White and Red Oak trees, Buttonbush and Bayberry Shrubs, Birdsfoot trefoil and 
Perennial ryegrass, and a multitude of Perennials such as New England Aster, Butterfly weed, 
Cardinal Flower and Wild Ginger (Rain Garden, 2019).  
There are three gardens proposed to be installed on the WPI campus; two are located on 
the steep hill by the Skull Tomb and one is proposed to be constructed in the grass area by the 
Atwater Kent building. See Table 11 and 12 for the existing drainage analysis, while Figure 15 
illustrates these determinations. All calculations were performed using HydroCAD in reference 
to the created AutoCAD Civil 3D drawing with the corresponding soil classifications from 
(NRCS). It was determined that the soil classification were Paxton Fine Sandy Loam (305C) and 
Hinckley Urban Land Land Complex (325C). 
 
Table 11: The existing drainage summary at the Skull Tomb location 
 













50 0.04 0.19 4.3 - Sheet Flow, A-B 
Grass Short n=0.15 
200 0.071 5.41 0.6 - Shallow Concentrated 
Flow, B-C 
Paved Kv=20.3fps 
600 0.070 5.24 1.9 7.86 Channel Flow, C-D 
Paved n=0.013 





 Table 12: The existing drainage analysis at the Skull Tomb location for a NOAA Database 
Standard 24 hour duration 
























Tables 13 and 14 and Figure 16 describe the proposed drainage analysis for Catchment 3. 
Again, all calculations were performed using HydroCAD with reference to the created AutoCAD 
Civil 3D drawing with the corresponding soil classifications from (NRCS). 
 
Table 13: The proposed drainage analysis at the Skull Tomb location 
Sub 
Catchment 
Proposed Drainage Analysis  













50 0.13 0.31 2.7 - Sheet Flow, F-G 
Grass Short n=0.15 




260 0.07 5.26 0.8 7.88 Channel Flow, H-I 
Paved n=0.013 
Area= 1.5 sq. ft. 
3b 
50 0.08 0.25 3.3 - Sheet Flow M-N 
Grass Short n=0.15 
120 0.10 5.09 0.4 - Shallow 
Concentrated Flow 
N-O 
Paved Kv=16.1 fps 
3c 
50 0.08 2.05 0.4 - Sheet Flow, P-Q 
Smooth Surface 
n=0.01 
250 0.07 5.37 0.8 - Shallow 
Concentrated Flow, 
Q-R 






Table 14: The proposed drainage analysis at the Skull Tomb location for a NOAA 
Database Standard 24 hour duration 
































As shown in Figure 16, the stormwater management system design, located next to Skull 
Tomb, includes: two catch basins, one drain manhole, a level spreader, a riparian channel 
(swale), sediment forebay, rain garden, and an outlet control structure. This management system 
was design to maximize the treatment amount of grass and roadway runoff through: settlement, 
filtration, and infiltration. It is important to note that there are no structural pretreatment BMPs 
within Catchment #2, see Figure 13 for catch basin locations. For this reason, two catch basins 
were implemented to intercept all of the upgradient flow from the grass and access road north 
west of the proposed rain garden. The locations of the catch basins were determined to be just 
before the intersection so that a gravity system could be designed. Additionally, at this location 
the runoff could easily be intercepted and diverted into the grass area adjacent to the tomb itself. 
After the runoff was collected in the two Structural Pretreatment BMPs their flows were 
combined in a drain manhole through two eight inch Polyvinyl Chloride (PVC) pipes. This was 
crucial because if their flow were combined within one of the catch basins, flooding could occur 
because the basin could be overloaded. This would be detrimental to the design because the 
entire system would have been bypassed by allowing large quantities of runoff to surpass the 
system entirely. Once the flows have been combined in the drain manhole, the captured runoff 
was diverted to the undeveloped area next to the tomb through a 12 inch PVC pipe. After the 
flow exits the pipe a level spreader was utilized to slow the high velocity flow down in addition 
to promoting settlement. Following this, the flow was directed into a riparian channel (slope = 
0.01) to continue the settlement, infiltration, and mitigate the possibility of runoff velocity 
increase from the proposed channel slope. Once the runoff reaches the bioretention area, a 
sediment forebay is utilized. This form of BMP promotes further pretreatment and settlement of 
TSS. Settlement is improved by the implementation of a check dam, which allows the runoff to 
be contained up to a certain elevation before it enters the rain garden. After this elevation is 
reached, under certain rain event conditions, the runoff will flow into the rain garden where 
vegetation can filter contaminants and infiltration can occur. To mitigate flooding of the rain 
garden, an outlet control structure (OCS) was used. This structure allowed outflow from the 
garden in a storm exceeding a 10 year storm (4.06” in a 24-hr duration). It includes two vertical 
orifices on the side of the structure and a horizontal catch basin grate on the top. This component 
is crucial so that the garden will not flood in a 100 year rain event (7.56 “ in a 24-hr duration). If 
this OCS allows outflow from the pond it is diverted to the existing catch basins at the bottom of 
the access road and re-enters the existing subsurface system. This outflow will continue to 
Salisbury Pond, treated by the entire system. 
In order to treat runoff from lightly trafficked roads and walkways, the final BMP that is 
recommended is the use of catch basin filters that should be installed in all of the upstream catch 
basins on light roads within the sub-catchment area. Since stormwater from the walkways flow 
onto the access roads, a system in these catch basins would treat both light roads and walkways. 
The filters can be easily installed into the catch basins. They contain filters that that are effective 
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 for removing phosphorus, nitrogen, TSS and other materials. The filters are replaceable and 
durable. After online research the filter chosen was the DrainPac Filter. Correspondence with 
DrainPac Sales Manager and Filter Expert Terry Flury revealed the DrainPac Filter has a 90% 
reduction of hydrocarbons and 77% reductions of pathogens. It also has a total phosphorus and 
total nitrogen reduction of 75% (T. Flury, personal communication, February 19, 2019). This 
filter is also great for catching and containing debris such as garbage and other unwanted solids.  
5.3.6 BMP Comparisons and Final Recommendation  
While the surface and downstream designs are both capable of treating runoff from the 
WPI campus, there are advantages to using the design based on surface type. The design based 
on surface type, located at Skull Tomb,  provides three district characteristics that make it a 
valuable contribution for to WPI’s stormwater management. These characteristics include 
volumetric flow reduction, contaminant removal, and collection of sediment and debris. 
The first is that it promotes a reduction in volumetric flow rates at Salisbury Pond. It was 
determined that treating flow at this upstream location, before it reaches Salisbury Pond, will 
decrease the flow rate by approximately 4.25% during a 10 year storm (4.84” in a 24 hr 
duration). Although this is not a significant reduction, it is important to note that catchment #3 is 
the smallest of the delineated catchments. If this design however, is combined with the other two 
proposed retention areas, Atwater Kent and the hill adjacent to Institute Road, the runoff capacity 
at Salisbury Pond would be reduced by 10%. Again it is important to note that the Atwater Kent 
design has size limitations and is only capable of treating a fractional portion (< 1%) of the total 
area of Catchment #1 (0.40 ac.). By treating larger surface area types, within each catchment, a 
significant reduction in flow rate at Salisbury Pond is expected. 
Both designs have the ability to catch and store debris and sediment. Although the rain 
gardens and filters that make up the design based on surface type are much easier to clean and 
maintain. Regarding the size of each system, the constructed wetland would have to be 
considerably larger than the rain garden design. The volume flow rate from all of the upstream 
catchments would have to be accounted for in the downstream design. It was determined that the 
wetland will need a treatment volume of  approximately 6.34 acre-feet (276,170 c.f.) .While the 
designed rain garden, near Skull Tomb, will only need a treatment/storage volume of 
approximately 0.40 acre feet (17,000 c.f.). 
The constructed wetland would have a large removal efficiency and ability to hold a large 
amount of runoff. However, there is a problem with size requirements, available space, and cost. 
The wetland would have to be designed to be large in order to treat the flows from the catchment 
areas. This then creates a space problem within Institute Park. Additionally, in the existing area 
around Salisbury Pond there are protected species of plants. This means that in order to construct 
the downstream design special permits would be required. Also, the design would have to be 
constructed a minimum of 100 ft from the waters edge of the pond. The next BMP suggested is 
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 the catch basin filters. These are relatively small and can fit inside all of the catch basins. 
However, for a reasonable removal efficiency there would need to be an insert in all of the catch 
basins. This means that even though the catch basin filters will be relatively small compared to 
the other two BMPs, there will be many more of them spread out along the catchment areas. The 
final BMP that is suggested is the rain gardens. Rain gardens have a high removal efficiency, 
require less space than the wetland, and also add a pleasing aesthetic to the area in question. The 
gardens however do require more upkeep and maintenance than the other two BMPs. 
The next comparison is in price. All BMPs vary in cost of construction and maintenance. 
This is true for the three BMPs that are suggested above. For downstream design, a constructed 
wetland has a general base cost of around $87,000 per acre (not including labor cost) (Newton, 
2006). Also, when constructing the wetland the specific plants can also get costly depending on 
the plant choice. The design based on surface has a lower total cost because it treats only 38% of 
the runoff from campus. On average, the initial price for the rain gardens is around $4275.00 per 
500 square foot. (Rain Garden, 2019) With this there are three rain gardens proposed bringing 
the estimated total to $12,825, again excluding construction labor (Rain Garden, 2019). The 
price may also vary depending on the types of plants that are selected. Additionally the rain 
garden near Skull Tomb, corner of Institute road and Boynton Street, proposes two new catch 
basins to collect access road runoff and adding it to the grass area near Skull Tomb, which will 
improve overall stormwater management and quality from WPI’s campus. The cost per catch 
basin is approximately between $2,500-$5,000 depending on pre-existing variables such as 
location and type of material (Mr. Rooter, 2019). Also as part of the surface based design, the 
final BMP to be considered are the catch basin filters. In the sub watershed area there are 30 
catch basins, including the two new ones that are proposed. It is recommended to add these 
filters to all of the catch basins on the eastern part of WPI’s campus. With 30 separate catch 
basins the approximate cost is approximately $500 per DrainPac Filter and $15,500 total (T. 
Flury, personal communication, February 19, 2019). The total cost of implementing the three 
garden and catch basin filters is approximately $28, 325.  
The next improvement is the contaminant removal from Catchment #3. When comparing 
the Skull Tomb rain garden the overall TSS removal was found to be 90% efficient, while the 
constructed wetland (downstream design) removal rate was 80%. The comparative analysis of 
TSS, Nitrogen and Phosphorus can be found in Table 15. 
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 Table 15: Comparison of the BMP systems for pollutant removal. 
BMP Design 
Type 






80% ~50% ~38% 
Rain Garden Design 
Based on Surface 
Type at Skull Tomb 
90% 60% 40% 
Catch Basin Inserts 80% 75% 75% 
 
When comparing the downstream versus the design based on surface type, the design 
based on surface type treats 38% percent of the total runoff design and therefore provides only 
46% TSS removal, 28% total phosphorus removal, 10% total nitrogen removal. The specific 
removal rates and construction costs of each design are summarized in Table 16. 
 
Table 16: Comparison of the Downstream Design and the Spot Designs for Area, Removal, 
and Cost 












Downstream  100% 80% ~50% ~38% ~$87,000 
Design Based on 
Surface Type  
38% 46% 28% 10% ~$28,325 
 
 While the proposed design based on surface type only treats 38% of the total area of the 
WPI campus, quite a bit of removal is still achieved. The design based on surface type removes 
57.5% of the TSS load removed by the downstream design, 56.0% of the total phosphorus load 
removal, and 26.3% of the total nitrogen load removal. Comparatively, the design based on 
surface type could be constructed at approximately a third of the cost of the downstream design. 
Based on a conservative estimate of the size requirements for the three proposed rain gardens 
totaling 1.2 acre-feet, our proposed surface type design would only require approximately 18.9% 
of the area required by the downstream design. In terms of feasibility of implementation based 
cost, space, and effectiveness we propose that the design set forth based on surface type is an 
effective approach to stormwater treatment. 
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 6.0 Conclusion  
The goal of this project was to quantify the relationship between surface land type and 
contaminant loading in stormwater and to determine the effects of these relationships on Best 
Management Practices (BMPs) design, using WPI as a case study. In order to determine the 
relationship between surface type and contaminant loading, multiple isolated sampling sites were 
identified based on distinct surface characteristics and stormwater runoff from these sites was 
sampled periodically over the course of three storms. The samples collected were then tested for 
a variety of contaminants including phosphorus, nitrogen, TSS, and heavy metals as well as 
various other cations and anions. From these results it was concluded that grassy areas, lightly 
trafficked roads, and walkways contributed the highest levels of contaminants and were 
identified as the most effective areas for BMP placement. By targeting and treating specific areas 
of concern we were able to propose a design with removal rates of 46% for TSS, 28% for 
phosphorous, and 10% for nitrogen contributed by the WPI campus while treating only 38% of 
the total campus surface. 
From the results of this project, it is clear that different surface types have different 
concentrations in their stormwater runoff. These varying concentrations can help locate the areas 
with the highest loads of contaminants. This leads to being able to prioritize which areas to treat 
first, and the BMPs best suited to treat these areas. This work helped to design localized spot 
designs for the WPI campus. This allows for the BMPs to be selected that are comparable in 
removal while treating smaller flows making them less expensive. Careful consideration of land 
use characteristics, along with the contaminant concentrations and loads associated with the 
runoff can help to guide BMP selection and design.  
The next steps for this project allow for expansion of sampling sites and more BMP 
design based on nutrient loadings and surface type. As a next step, it would be beneficial to look 
into expanding the sampling area first to include the other side of WPI campus, then to include 
the entire watershed in the area. Another next step is to use the data collected and do similar 
work with another zone of land. We worked in a college campus, but it could be beneficial to do 
this with a residential area and even a commercial area. A last major next step would be to work 
with any new construction projects, buildings, or campus expansions. With the help of our data 
and analysis, a BMP could be designed to add to these new additions to campus. The BMP can 
be added to the new design, chosen based on the land use type of this new construction. If other 
surface types change during construction, BMPs could be added accordingly. This analysis 
provides a basis for future studies to investigate the most effective approaches for designing 
BMPs to manage stormwater runoff. The findings of this project could help with the WPI 
campus or can even be taken to other places and different locations to help with their BMP 
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This document was modeled after both The United States Environmental Protection Agency’s 
Field Sampling Quality Control (dated, April 26, 2017) and The Nitsch Engineering Field Sampling 
Control Guide (dated, September 5, 2018). See appendix for original sampling plans. 
Goal and Objective  
The purpose of this field sampling protocol guide is to provide a set of working directions for 
stormwater runoff sampling crews. When performing sampling collection activities it is important to do 
so in a safe and consistent manner. The procedures and information outlined in this document will 
provided the intended framework to ensure quality assurance and quality control of the sampling 
guidelines. By following these procedures and protocols, crews are able to obtain samples that are 
accurate and to a standard of care which WPI and Nitsch Engineering require. The procurement of precise 
and accurate data is vital when conducting such analyses. 
Field Sampling Safety 
Safety in the field is of the utmost importance when field sampling is to occur. Sampling crews should 
adhere to the Standard Health and Safety Practices (i.e. EPA Handbook for Sampling and Sample 
Preservation of water and WasteWater, OSHA Regulations, Standards and Policies, etc.).  
 
When Sampling in the field, Crews should remember: 
1) You are responsible for your own safety 
2) Others are ​NOT​ Responsible for your safety 
3) If you feel unsafe in the working conditions, you should not work 
4) Never sample alone, always be with at least one other crew member 
5) Make sure someone knows where you are 
6) Wear appropriate field work apparel 
7) Stay alert 
8) If weather becomes too hazardous, find cover immediately  
9) When working in areas were vehicles may be a hazard always use signs, cones and other traffic 
warning signals 
10) When working in traffic, ensure that the local authority and facility staff is notified and on site.  
11) When working with potential hazardous samples always wear protective gloves, clothing, etc.  
12) When working with storm drains, grate, catch basins, etc. ensure that WPI Facilities are aware 
and present 
13) When in the field use common sense and ensure that you and your crew are safe.  
 
Supplies and Materials 
 
Before going into the field ensure that you have all of the required materials need to samply correctly and 




 1) Field notebook/ or spread sheet 
2) Sharpie/permanent ink writing instrument 
3) Appropriate personal protective equipment 
4) Traffic cones, signs, flares,etc. 





3) Clear Packing tape 
4) Labels 
5) Safety Gloves 
6) 100mL plastic sampling bottles 
a) Number of bottles need to be based on the number of sampling locations & samples per 
location. 
b) Ensure that sampling bottles are clean and free of any residue 
c) If the bottles are being reused  it is important that the bottles be cleaned with distilled 
water ​only​ and then allowed to dry completely 
7) 50mL plastic sampling bottles 
a) Number of bottles need to be based on the number of sampling locations & samples per 
location. 
8) Ziplock Sandwich Bag 
a) Number of Ziplock bags need to be based on the quantity of sampling crews 
b) Pre-cut with zipper strip remove 
9) Large Zip Lock Bag 
a) Number of Ziplock bags need to be based on the quantity of sampling crews 
b) Pre-cut along 2 edges with zipper strip removed 
10) Concrete Block 
a) Number of concrete blocks need to be based on the quantity of sampling crews 
11) Plastic cup  





1)  Colored dye 
2)  Barrel 
3)  6 ft. of clear hose 
4)  3 sections of sheet metal studding 2’ long 
5)  Stop Watch 
6)  Several sand bags or zip lock bags with sand in them 
7)  Ruler/ Tape measure 
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In order to ensure that the results of your field sampling are accurate and consistent results you should 
follow the procedure below. This procedure is as follows:  
 
1) Prior to Field Sampling  
a) Check the Supplies and Materials list 
i) Ensure that you have all the necessary supplies and materials for the area that you 
will be sampling. (i.e. if you are sampling in a roadway you want to make sure 
that you have the necessary traffic supplies such as cones, flares, signs, and 
scheduled detail where necessary) 
ii) Check each item to ensure cleanliness and functionality 
b) Prepare the field sampling notes sheets 
i) This includes the sampling index sheet, notepads, and ensuring that you have all 
the correct labels filled out and administered to clean sample bottles. 
c) Ensure crews know the area where they will be sampling and the goal of the sampling 
that is to occur on that day 
i) Two person crews are recommended  
d) Ensure that all sampling bottles are completely cleaned and dry to ensure ​Quality 
assurance and Quality Control 
e) If manhole or storm drain covers are required to be opened ensure that the proper 
authority has been notified and that they will be present at the sampling site. 
f)  If the crew will be working in a roadway, ensure that the proper authorities have been 
informed and will be present at the sampling location 
g) Review the weather report for the sampling day 
i) Ensure that the weather will not be to hazardous as to endanger the field 
sampling crew 
 
2) Arrival in field and sampling area  
a) Familiarize yourself with the sample area  
i) Ensure that the area is going to obtain the best results 
(1) There is enough runoff to sample 
(2) There is enough flow to measure 
ii) Ensure that the area is safe  
b) Set up all of the supplies and materials that are required in the sampling area  
i) If working in roadway, set up your safety equipment first (i.e. cones, signs, flares, 
etc.) and that detail has arrived 
ii) If weirs and/or dams are required, set them up and check that they are giving you 
the desired execution/ flow restriction 
73 
 iii) If manhole or storm drain cover need to be opened, open them in a safe and 
controlled manner under the supervision of the appropriate authority 
iv) Ensure that your sampling bottles are correct and ready to go when sampling is to 
begin 
c) Record the weather conditions 
i) Record the weather (i.e. Temperature, Conditions (i.e. Sunny, cloudy)) 




a) Water Quality 
 
Method 1 (Outside Sampling Surfaces) 
i) Channel/dams all sheet flow to sampling location as to impede flow velocity 
minimally 
ii) Use a clean bottle and a new, clean pair of gloves 
iii) Place concrete block on the ground, perpendicular to flow at sampling location 
iv) Place large zip lock bag strip on ground draped over block, parallel to flow 
(1) This process will promote pooling by restricting flow 
(2) The zip lock bag strip creates a buffer from contaminants at immediate 
sampling location 
v) When pooling occurs, use smaller zip lock bag to collect runoff and transfer to 
the 100 mL sample bottle.  
vi) Fill bottle as much as possible 
vii) Record the temperature of the sample 
viii) Place bottled sample into cooler for safekeeping until further testing 
ix) In a 50 mL sample bottle collect another sample 
x) Record the dissolved oxygen concentration 
xi) Dispose of sample in safe manner 
 
 
Method 2 (Roof Surfaces) 
i) After testing the flow rate of the system (to flush pipes) Place hose connected to 
outlet pipe, into the sample bottle 
a) Do not contact the hose to the bottle so that external contaminations 
are introduced to the sample. 
ii) Fill bottle as much as possible 
iii) Record the temperature 
iv) Place bottled sample into cooler for safe keeping until further testing 
v) In a 50 mL sample bottle collect another sample 
vi) Record the dissolved oxygen concentration 
vii) Dispose of sample in safe manor 
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 Method 3 (Standing Bodies of Water)  
i) Locate a safe and suitable are in which to enter the body of water 
ii) Find within this area a spot where the water is clear of plants and debris 
iii) Take the 1L, 100 mL and 50 mL sampling bottles and submerge them in the 
water  
iv) Capture the sample 
v) Take dissolved Oxygen and Temperature  
vi) Place the bottles into cooler for safe keeping for further testing  
 
b) Velocity & Area 
 
Method A 
i) Locate a channel of flow within the area of interest 
ii) Measure the length of channel and record the value 
a) Flow may vary so a larger section is recommended to understand the 
average 
iii) Measure the depth and width of the channel within the area of interest 
a) Several measurements will be necessary due to possible variations in 
cross- sectional area 
iv) Average the areas and record 
v) Drip the dye at the upgradient location 
vi) Record the time the trace of dye until it reaches the designated end  location 
 
 
Method B  
i) Place hose, connected to outlet pipe, into the graduated barrel 
ii) Open control valve and monitor flow 
iii) Time the water level as it reaches graduated markings 
iv) Record times on stopwatch  
 
 
4) Storage and Transport  
a) In order to keep the samples viable, after sampling the bottle should be tightly and 
securely sealed. Then they should be placed into a cooler and encased in ice. The ice 
should be drained and replenished as it begins to melt. The label on the bottle should be 
cover in clear packing tape to ensure the writing stay visible and dry. As soon as possible, 
the samples should be moved directly from the cooler to a refrigerator until they are ready 





 Sampling Index Sheet 
The table below should be partially completed on the the day of field testing. This type of sheet 
helps the sampling crew to identify many different aspects of the sampling. Further testing will take place 
to determine the quantity of contaminants. 
 
Table 1: Sampling Index Sheet 
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The figure below shows a recommended format for labeling the samples collected. It is important 
to record the location of the sample, date, and time to adequately identify where the  runoff sample 
originated. Also, when sampling multiple times across a storm at a consistent location it is recommended 
to list the sample number so that the order of the collected samples can be understood when analysis 
commences in the laboratory. Finally, it is suggested to identify the owner, sampler, or organization  in 
addition to its general contents. This will ensure that an outside person/persons who may encounter the 




 Surface Selection and Criteria 
Table 2 details the criteria for each surface type sampled, the location of the sampling area, and the 
sampling method applicable for each surface. The following section outlines how each chosen sampling 
area fulfills the project objectives and provides visuals of the sampling surface for clarity. All surfaces, 
barring the Green Roof and Grey Roof, were observed during a light rain storm to determine suitability 
based on accessible flow for sampling. 
 
Table 2: Summary of  Sampled Surfaces 
Surface Type Criteria Location Sampling Method 
Parking Lot 
-Heavily used parking lot 
-Minimal Pervious Surface 
-Accessible drains/catch basins with decent 
flow in light rain 
-Boynton Street Lot WPI 
Campus 





-Lightly trafficked road 
-Minimal pervious surface 
-Gradual slope ~5-15% 
-Accessible drain with decent flow in light rain 
-Private WPI way adjacent to 






-Receiving water body for stormwater from 
sampling areas -Salisbury Pond  
Heavy 
Traffic Road 
-Heavily trafficked road 
-Minimal pervious surface 
-Accessible drain with decent flow in light rain 
-Road drain at corner of 




-Isolated Sidewalk Drain 
-Accessible drains/catch basins with decent 
flow in light rain 
-Flat 
-Sidewalk catch Basin at the 
Bottom of the Steps beside 
Fuller Labs 
-Near Kaven Hall 111b 
1- 
Green Roof -Isolated Green Roof drain -Accessible drain with decent flow in light rain 
-East Hall Green Roof Effluent 
(Mechanical Room) 3C 
Grey Roof -Isolated Grey Roof drain -Accessible drain  with decent flow in light rain 
-East Hall Grey Roof Effluent 
(Mechanical Room) 3C 
Grassy Hill 
-Steep slope ~15-30%  grassy area 
-Maximum pervious surface 
-Area free of heavy tree cover or man made 
structures 
-Grassy hill adjacent to skull 
tomb (Corner of Institute rd. 






1) Surface Type:​ Parking Lot 
. 
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 a) Location: Boynton Street Lot WPI Campus,  
Parking lot catch basin 
 
b) Purpose: The chosen parking lot drain in the Boynton St. parking lot of the WPI  
campus was identified as a sampling location due the the high amount of 
shallow concentrated flow entering the drain originating from the 
Southern side of the parking lot. The drain was also receiving a fair 
amount of sheet flow from the adjacent Eastern area of the parking lot.  
 
In terms of project objectives, this sampling location allows for the team 
to analyze contaminants in stormwater originating from heavily use 
parking lots. The high amount of flow running into the drain and the 
limited surface types the stormwater came in contact with made this an 
ideal place to sample as the contaminants we found were representative 
of one type of surface. 
 
c) Pictures: 
↑ Above: Up close Boynton st. Lot catch basin 
 










 2) Surface Type:​ Light Traffic Road 
. 
a) Location: Private WPI way adjacent to Boynton Street Parking Lot 
Road drain 
 
b) Purpose: The road drain located on the WPI private way adjacent to the  
Boynton St. Parking lot was determined to be a suitable sampling 
location due to the high amount of concentrated shallow flow 
entering the drain emanating from the lightly used private way 
stretching up towards the WPI campus and Boynton Hall. 
 
While not completely isolated from other types of surfaces, this sampling 
location provides an accessible point for sampling and fairly 
concentrated road-based stormwater flow and should be representative of 




↑ Above: Up close view of road drain 
 













 3) Surface Type:​ Heavy Traffic Road, Sampling Method 1A 
 
d) Location: Road drain at corner of Institute Road and Boynton Street 
 
e) Purpose: The chosen road drain at the corner of Institute rd. and Boynton st.  
was identified as a sampling location due to the high amount of 
flow entering the catch basin originating from the Eastern-bound 
portion of Institute rd. and the limited flow to the drain over other 
surface types. 
 
This sampling location allows for assessment of contaminants 
found in stormwater originating from a heavily trafficked road due 
to the concentrated flow off of one surface type. The high amount 
of flow in a light rain storm and accessibility of the location 
(adjacent to a no parking space on the street) made this an ideal 


























 4) Surface Type:​ ​Walkway 
 
a) Location: Sidewalk catch Basin at the Bottom of the Steps beside Fuller  
Labs near Kaven Hall 111b 
 
b) Purpose: The chosen sidewalk catch basin was chosen as a sampling  
Location as the flow running into the drain originates from the 
surrounding sidewalk area. The flow into this sidewalk drain is not 
high as the area that contributes to the flow is much smaller than 
that of a road or parking lot. 
 
In terms of project objectives, this sampling location allows for the 
isolation of contaminants in stormwater originating from a 






























5) Surface Type:​ Green Roof 
 
a) Location: East Hall Green Roof Effluent (Mechanical Room) 
 
b) Purpose: The purpose of this site is to analyze the effectiveness of impurity  
removal. 
 
c) Pictures:  
 




6) Surface Type:​ Grey Roof 
 
a) Location: East Hall Grey Roof Effluent (Mechanical Room) 
 
b) Purpose: The purpose of this site is to determine the pollutant loading  
contributed by rooftop runoff. 
 






7) Surface Type​:​ Grassy Hill 
 
a) Location: Grassy hill adjacent to skull tomb 
 
b) Purpose: The grassy hill adjacent to Skull Tomb and Boynton Hall is the  
steepest hill on campus with the largest percentage of pervious 
surface area. Flow is difficult to detect on the hill and sampling 
from this location requires a unique method​.  
 
This sampling location allows for the team to analyze contaminants in 
stormwater originating from a majority pervious surface in comparison to 

























Above: Grassy Hill near Skull Tomb  
      Slope (5-15%) 
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 8) S​urface Type:​ Discharge Water Body 
a) Location: Salisbury Pond 
b) Purpose: Stormwater runoff from all other sampling sites drain into Salisbury Pond. 
Sampling this location will allow the team to compare water quality and quantity from 
the different sites to the water quality and quantity that reaches the ecosystem.  
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 Appendix E: Total Phosphorus Procedure 
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 Appendix I: Ion Chromatography System Procedure
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 Appendix K: Field Sampling Naming Convention 
 
Format: 
“Locational Key : Collection  Key - Duplicate Key” 
 
Locational Key: 
AOI#1- Kaven Parking Lot 
AOI#2- Light Access Road 
AOI#3- Heavy Road (Institute Road) 
AOI#4- Kaven Walkway 
AOI#5- Grass Hill to Skull Tomb 
AOI#6- Salisbury Pond 
AOI#7- Green Roof East Hall 
AOI#8- Grey Roof East Hall 
FB#1- Field Blank 
 
Collection Key: 
Sample Collection Convention- ​A collection includes one 1L bottle, one DO bottle, and one 250 mL 
bottle. 
 
S1- Designates the first full round of sampling at a particular site  
(roughly first flush) 
Sn- Designates the nth round of full sample collection throughout a storm 
 
Periodic Collection Convention- ​A collection including one 60mL bottle taken between or after a 
sample collection.  
 
P1- Designates the first periodic sample at a particular site 
Pn- Designates the nth periodic sample at a particular site 
 
Duplicate Key: 
Duplicate Collection Convention-​ A repetition of either sample or periodic collection resulting in 2x the 
defined quantity of runoff. 
 




AOI#4: S2-Dup→ represents the first round of sample collection at the Kaven Walk site and is the second 
set of  sample taken. Therefore, there will be two 1L bottles, two DO bottle, and two 250 mL bottle 
collected, in total,  during this moment in the storm. 
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 Appendix M: Downstream Design Summary  
Sheet Flow (​SF​) Shallow Concentrated Flow (​SCF​) Channel Flow (​CF​) 
 
Catchment 
Existing Downstream  Analysis 













50 0.01 0.90 0.9 - SF, A-B 
Smooth Surface n=0.11 
300 0.03 3.34 1.5 - SCF, B-C  
Paved   Kv= 20.3 fps 
220 0.06 4.97 0.7 - SCF, C-D  
Paved   Kv= 20.3 fps 
320 0.01 2.03 2.6 - SCF, D-E 
Paved   Kv= 20.3 fps 
260 0.10 6.29 0.7 - SCF, E-F  
Paved   Kv= 20.3 fps 
610 0.04 4.06 2.5 - SCF, F-G  
Paved   Kv= 20.3 fps 
2 
50 0.01 0.90 0.9 - SF, 2A-2B 
Smooth surfaces n= 0.011 
460 0.08 5.74 1.3 - SCF, 2B-2C  
Paved   Kv= 20.3 fps 
300 0.03 3.34 1.5 - SCF, 2C-2D  
Paved   Kv= 20.3 fps 
330 0.02 3.14 1.7 - SCF, 2D-2E  
Paved   Kv= 20.3 fps 
80 0.01 2.03 0.7 - SCF, 2E-2F  
Paved   Kv= 20.3 fps 
670 0.10 2.03 5.5 - SCF, 2F-2G  
Paved   Kv= 20.3 fps 
170 0.01 2.03 1.4  SCF, 2G-2H  




Existing Downstream  Analysis 













50 0.04 0.19 4.3 - SF, 3A-3B 
Grass: Short   n= 0.150 
200 0.07 5.41 0.6 - SCF, 3B-3C  
Paved   Kv= 20.3 fps 
600 0.07 5.38 1.9 8.07 CF, 3C-3D 
Area= 1.5 sf  
Perim= 20.0'  
r= 0.07'  
Asphalt, smooth n= 0.013 
4 
50 0.24 0.04 2.1 - SF, 4A-4B 
Grass: Short   n= 0.150 
100 0.24 7.89 0.2 - SCF, 4B-4C 
Unpaved   Kv= 16.1 fps 
380 0.06 4.89 1.3 - SCF, 4C-4D 
Paved   Kv= 20.3 fps 
190 0.01 2.03 1.6 - SCF, 4D-4E 
Paved   Kv= 20.3 fps 
5 
50 0.04 1.56 0.5 - SF, 5A-5B 
Smooth surfaces   n= 0.011 
190 0.10 5.09 0.6 - SCF, 5B-5C 
Unpaved   Kv= 16.1 fps 
290 0.04 4.06 1.2 - SCF, 5C-5D 
Paved   Kv= 20.3 fps 
6 
50 0.01 0.11 7.5 - SF, 6A-6B 
Grass: Short   n= 0.150  
510 0.06 3.94 2.2 - SCF, 6B-6C 





 Appendix N: Project Proposal 
Quantifying the Pollutant Removal 
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Major Qualifying Project Proposal 
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Lucas Acaba, Virginia Adams, 
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Sponsored by: Nitsch Engineering 
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 DESIGN PIECE 
  
WPI’s Major Qualifying Project (MQP) for the Civil and Environmental Engineering department 
requires a design component. This is part of a senior capstone and is necessary for graduation. 
American Society of Civil Engineers (ASCE) defines a design component as solving an open 
ended, ill-defined problem with iterative analysis and synthesis. The design process involves 
defining the problem in order to analyze the current system to synthesize a new system, all while 
keeping various constraints in mind (American Society of Civil Engineers, 2018). We will keep 
in mind engineering standards and practices throughout the project. We will also take into 
account real life problems, including cost, policies, functionality, human/student impact, and 
other aspects that could constrain the design. It is important to create a design that will better the 
area while also being feasible. 
For our project’s design component, we plan to design a Best Management Practice for an area 
of interest on campus. The final best management practice design will help reduce and manage 
the nutrient and stormwater runoff in a selected area of interest. This design will help manage the 
stormwater in the area and reduce nutrient runoff, while following the requirements established 
by ASCE and considering the social, economic, and environmental impacts. 
  
Social 
Our BMP will be designed for implementation on WPI’s campus. We will need to consider the 
specifics of this site, such as the way the campus operates and who it serves. The design will 
need to accommodate the students, meaning there will most likely be a lot of foot traffic in the 
area. It will need to work around this, making as little an impact on their lives as possible. 
Additionally, the design will need to take campus policies into consideration. This may mean 
safety, aesthetics, or future plans for said area. 
The design may have the opportunity to improve the campus. It could provide a place to improve 
aesthetics, increase foot traffic, or provide a place for people to gather. The design will look at 
mitigating the negative impacts as well as creating a positive impact on the surrounding area. 
  
Economic 
Since this a WPI project, the design will need to be affordable and cost effective. We would not 
want a design that is more expensive to build and maintain than to continue with the current 
system. We want the design to manage the stormwater runoff in the area of interest in the more 
efficient and effective manner. Ideally, the new design would save money and improve the area 







The design will help the surrounding environment, as it is a BMP based design and is aimed to 
reduce nutrient pollution. During the designing phase, it is important to consider the materials 
and construction, ensuring no additional and environmental harm will be done. Additionally, the 





According the National Council of Examiners for Engineering and Surveying (NCEES), 
professional licensure is necessary to help protect the public by ensuring civil engineers know 
the best practices available. Licensing can be obtained via the Fundamentals of Engineering 
exam and then the Professional Engineers exam. This is to be sure the engineers know the 
standards in the area and will follow the correct engineering practices. The specifics of these 
practices vary from state to state, which results in the Professional Engineers exam allowing for 
state specific licensure (NCEES, 2018). Since WPI is located in Massachusetts we will look at 








 1.0 INTRODUCTION 
  
 Wastewater discharge, both domestic and industrial, is thoroughly treated in sophisticated 
treatment systems to lower contaminant concentrations to reasonable levels. Stormwater runoff 
does not receive this level of treatment before being discharged to a local water body. In some 
stormwater management cases there is no treatment. This is due to the fact that stormwater 
runoff tends to have significantly lower concentrations of contaminants as compared to 
wastewater (Environmental Protection Agency, 2018). However, the quantity of contaminants 
present in stormwater can be very high during major rain events (Environmental Protection 
Agency, 2018). These contaminants can then have detrimental impacts on local ecosystems by 
introducing metals and other toxic materials, causing uncontrolled plant growth due to 
unnaturally high nutrient levels, or limiting plant growth through suspended solid contamination 
or lowered levels of dissolved oxygen. 
 The contamination of water bodies from stormwater runoff becomes more concerning as 
urban areas get further developed. Increased amounts of impervious surfaces provides less 
opportunities for contaminants to be absorbed by soil and plants, resulting in more runoff 
reaching the nearby water body (Environmental Protection Agency, 2017). To mitigate this, 
stormwater management plans consisting of best management practices (BMPs) such as recharge 
basins or detention ponds. However, urban areas consist of a variety of land uses including open 
spaces and parks, streets, walkways, parking lots, grey roofs, and green roofs. There is a 
limitation on research being done on the quality and quantity of stormwater runoff from these 
differing types of surfaces. 
 Nitsch Engineering has chosen to sponsor this project in order to gather information on 
how stormwater quality and quantity differ between surface types. This can be used to determine 
if full stormwater management plans are accurately designed in certain areas. By determining if 
the plan is over or under compensating, adjustments can be made to ensure that all runoff is 
adequately treated at the optimal cost efficiency to developer clients. Specifically, they would 
like to know how pH, dissolved oxygen, total suspended solids, alkalinity, cations, anions, 
nitrates, nitrites, phosphate, total phosphorus, and chloride levels vary between grassy areas, 
walkways, parking lots, streets, grey roofs, and green roofs. 
 In order to meet this goal, we plan to sample stormwater runoff during rain events at six 
points on the Worcester Polytechnic Institute campus that fit the different land types in which 
Nitsch Engineering is interested. These samples will be tested for the listed contaminants and 
compared relative to each other to determine if contaminant levels vary. This information will 
then be used to design a stormwater management plan for this section of the campus that factors 





   
2.0 BACKGROUND 
  
 This section of the report details the importance of managing stormwater runoff, 
stormwater management techniques, and contaminants of concern in stormwater. It also 
describes Nitsch Engineering and their motivation for sponsoring this project as well as our plan 
to study stormwater runoff on the campus of Worcester Polytechnic Institute. 
  
2.1 Stormwater Management 
Stormwater Management is a vital component in decreasing our environmental impact. 
Management of runoff is important to achieve the goal of reducing down gradient flooding and 
improvement of water quality (Dzurik, 2003; Lepage, 2010). Water quality can be improved 
through the implementation of Best Management Practices (BMP) by removing contaminants 
that are gained during contact with a variety of urban surfaces. In fact, nonpoint source (NPS) 
contamination is the largest contributing factor to the degradation of water quality (Tsihrintzis, 
Hamid, 1996). Non-point source pollution is the buildup of residual contaminants in between 
precipitation events that are washed away during each storm. This model is addressed as the 
buildup- wash off model (Wang, 2011). In particular, urban areas contain a variety of land uses 
which may introduce different contaminants 
The Massachusetts Stormwater Handbook outlines that: no outfall can be release directly 
untreated to wetlands or waterways, peak discharge must remain the same pre and post- 
development, recharge to groundwater must remain constant or maximized, and Total Suspended 
Solids (TSS) must be reduced by 80% (MassDEP, 2008). However, there is no quantification of 
contaminant concentrations in runoff from specific types of surfaces which is an area of concern 
since urban areas consist of a variety of different land uses.  Figure 1, produced by Tsihrintzis 
and Hamid 1996, shows the characteristics that dictate the management practices of runoff. 
132 
  
Figure 1: Outlined land uses and the methods for choosing BMP design to mitigate runoff 
contamination to stormwater. Source: (Tsihrintzis and Hamid 1996) 
  
As outlined by Figure 1, urban land can be used in a variety of different ways which then can 
dictate the methods of treating NPS pollutants. However, these land-uses defined above are 
mainly composed of impervious and pervious surfaces. When choosing a BMP design, it would 
be valuable to know the concentrations of contaminants based on surface relevance. This ensures 
that the BMP design can maximize pollutant removal. For example, an industrial facility which 
contains a largely quantity of impervious surfaces may contain a greater number of deep sump 
catch basins. As outlined by Volume 2, Chapter 2 of the Massachusetts stormwater handbook, 
this form of BMP is valuable when removing trash, debris, and coarse sediment which may carry 
oils and grease because of the associated low infiltration rate. However, this form of BMP would 
lack effectiveness when treating TSS because of its low removal rating (25%) (MassDEP, 2008). 
Understandably the contaminants that accumulate when in contact with such surfaces must vary 
based on land use, so must the design. In essence, the determination of constituent 
contaminations based on surface types will better the design, use and efficiency of BMP when 
managing stormwater runoff. 
 In addition to determining the concentrations of runoff contaminants based on land 
surface, the volumetric loading rate will be necessary to determine the quantity of contaminant 
that are required to be treated. First flush analysis is important because contaminant 
concentration will be affected during this period. It was found that the first flush affected the 
concentration, in descending order, of solids, organics, and nutrients (Kim, Kim and Yur, 2007). 
The largest contributing factors to the volumetric rate is the slope of the surface and soil 
composition (in pervious areas). 
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  Through the investigation of contamination composition based on surface type and 
volumetric flow rates from these areas, it will be possible to significantly improve the 
management of stormwater by tailoring stormwater management practices to specific areas based 
on the quantities of contaminants present in its runoff, advancing the protection of water quality. 
These different contaminants of concern and their possible effects to public health and the 
environment are investigated in the sections to follow. 
  
2.2 Contaminants of Concern 
  
Nutrients in Stormwater: 
 One of the major contaminants of concern in stormwater runoff are nutrients, mainly in 
the form of nitrogen and phosphorous. Nitrogen and phosphorous can enter water bodies through 
natural processes such as the weathering of rocks, fixation of nitrogen from the atmosphere by 
leguminous plants, decomposition of organic material, and leaching from surrounding soil 
(Khwanboonbumpen, 2006). However, the amount of nutrients reaching water bodies is 
dramatically increased by human contamination in stormwater. This can come from landscape 
runoff from fertilizers and plant debris, pet and animal waste, detergents from car washing, and 
vehicle emissions (Environmental Protection Agency, 2018). Industrial discharges and 
improperly treated wastewater are also major contributors to nutrient pollution 
(Khwanboonbumpen, 2006). Although wastewater discharges tend to have a significantly higher 
concentration of nutrients than stormwater runoff, large volumes of stormwater during rain 
events can lead to water bodies receiving high amounts of nutrients (Environmental Protection 
Agency, 2018). This problem is further amplified in areas with a high percentage of impervious 
surfaces since there is no soil or plants to absorb some of the nutrients before the runoff is 
discharged into a water body or storm drain (Environmental Protection Agency, 2017). The high 
loading of nutrients can then cause an imbalance in the natural ecosystem of the receiving water 
body. 
 The growth of plants in a water body is normally kept in check by limiting growth 
factors, which are essential nutrients that are lowest in concentration. Phosphorous tends to be 
the limiting growth factor in freshwater systems while nitrogen is usually limiting in coastal 
marine ecosystems (Khwanboonbumpen, 2006). Therefore, when excessive amounts of nitrogen 
or phosphorus enter a water body, it can cause uncontrolled plant growth and begin a process 
called eutrophication (Environmental Protection Agency, 2018). Eutrophication is, “the process 
by which a body of water becomes enriched with organic material [that] is formed in the system 
by primary productivity and may be stimulated to excessive levels by anthropogenic introduction 
of high concentrations of nutrients” (Khwanboonbumpen, 2006). Eutrophic conditions lead to 
large, nuisance algal blooms or other excessive plant growth that is unaesthetic and limits the use 
of the water body (see Figure 2) (Environmental Protection Agency, 2018). Certain algae species 
can also have public health effects in areas where people swim or fish (Khwanboonbumpen, 
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 2006). When these plants and algal blooms fall to the bottom of water body and decompose, they 
release more nutrients into the ecosystem and add to sediment oxygen demand 
(Khwanboonbumpen, 2006). This can continue the eutrophic conditions and eventually deplete 
dissolved oxygen which is detrimental to plant and animal life. 
  
Figure 2: Eutrophication in the Mississippi River from agricultural runoff. 
Source: (Lake Forest College, 2018) 
  
Suspended Solids: 
Solids, also referred to as total suspended solids (TSS), are one of the most common forms of 
contaminants found in urban stormwater. While solids can be contributed from natural sources, 
such as stream bank erosion, the presence of TSS is greatly increased by various human 
activities. As water from a rain event flows across impervious and pervious surfaces solids are 
accumulated and contribute to the pollutant load of stormwater. Major contributors to TSS in 
stormwater include streets and roads, the erosion of drainage channels, construction sites, and 
pervious surfaces, and atmospheric deposition of solid particulate matter (Environmental 
Protection Agency, 2018). The presence of high levels of suspended solids in a water body can 
negatively impact water quality and cause habitat issues due to increased turbidity levels and 
sedimentation. Reduction in the ability of light to penetrate the water body resulting from high 
turbidity levels can negatively impact and limit the growth of photosynthesizing organisms while 
sedimentation of bottom deposits can alter the habitats of bottom-dwelling organisms 
(Environmental Protection Agency, 2018). The presence of solids in stormwater can also 
encourage the accumulation of other pollutants, including metals and nutrients, as the sediment 
acts as a medium for accumulation and transport of sediment-bound pollutants. 
  
Metals: 
Some particular metals of concern in stormwater include copper, lead, zinc, chromium, mercury, 
nickel, and arsenic. Copper, lead, and zinc are the most prevalent. Heavy metals are primarily 
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 sourced from automobiles, construction, and industrial areas and can have significant impacts on 
receiving water bodies (Environmental Protection Agency, 2018). Vehicle exhaust residues from 
diesel and gasoline fuel have been identified as important sources of lead, mercury, zinc, silver, 
and copper. Automobile brake pads have also been identified as contributors of copper in 
stormwater. (Lee, 1993). The presence of elevated levels of copper, lead, and zinc in stormwater 
is of concern as copper is toxic to phytoplankton and can therefore negatively impact aquatic 
food chains. Lead is highly toxic to humans and aquatic life and serves no biological purpose and 
the presence of zinc can impact gill function for various fish populations (Brooks Applied Labs, 
2016). As communities continue to develop, the presence of heavy metals in stormwater is only 
becoming more severe and there are already thousands of surface water bodies considered 
impaired due to heavy metal pollution from stormwater. 
  
2.3 Nitsch Engineering 
Nitsch Engineering is an engineering firm that specializes in the providing communities with 
civil engineering, land surveying, transportation engineering, structural engineering, green 
infrastructure, planning and GIS services. The company was founded in 1989, and in the twenty 
nine years that Nitsch has been serving the community, they have worked with a variety of 
academic clients, developers, corporate and institutional owners, public agencies, architects, and 
other design professionals on many different development and infrastructure projects. Nitsch has 
worked in twenty states and five countries. Nitsch boast that 94% of its work comes from return 
clients meaning that they are trusted and respected in the engineering world. Nitsch is also an 
accredited woman-owned business and is certified in many different areas (Nitsch Engineering, 
2018). The company is committed to its employees and prides itself on Sustainable Business 
practices, community involvement and charitable contributions. Nitsch has won many awards 
dating back to 2006 and continue to strive for excellence. Nitsch Engineering has chosen to 
sponsor this project as they are interested in how stormwater runoff quality and quantity differs 
from different type’s surfaces and land uses. They can then use that information to ensure that 
their stormwater management practices are designed to adequately address contaminants from 
each type of area specifically and that they are not over designing in areas where contaminant 
concentrations are low so they can potentially decrease costs to their clients. 
  
2.4 Worcester Polytechnic Institute 
Our site of interest is the Worcester Polytechnic Institute (WPI) campus. Within this site are five 
points of interest where we intend to focus are sampling. To decide on the specific points we first 
needed to understand the campus and the current stormwater runoff management. 
  
As for the current stormwater management on campus, there is not much. Based on observations 
and computer modeling, it is can be seen that the stormwater runs off the impervious surfaces on 
campus into catch basins. The water flows from the catch basins to storm drains that lead to 
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 Salisbury Pond, taking the pollutants and nutrients from campus and polluting already damaged 
waters. This can be seen in Figure 3 below. 
  
Figure 3: Area of WPI Campus that drains to Institute Pond. Source: Stephen Balcewicz 
  
In order to improve upon this current stormwater runoff situation, the current conditions in 
stormwater management and related work was examined. In the past, WPI has had other project 
teams explore this issue. The Water Research Outreach Center (WROC) is a local project center 
that explores issues related to stormwater. These issues include cost - benefit analyses of best 
management processes, educating the community on stormwater management, tracking 
information on stormwater via databasing, and complying with new MS4 regulations (WPI, 
2018). The most recent project, ​Stormwater Runoff Reduction on the Worcester Polytechnic 
Institute Campus​, explored stormwater across campus and explored possible BMPs that could 
help mitigate the impacts of the runoff. The result showed that one area of campus, the grass area 
by the Skull tomb, contains about 25% of all of the campus drainage (Marsan, et al., 2018). Since 
the runoff there is so high, we decided to sample on the East side of campus. The locations can 
be seen on Figure 4 below. 
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Figure 4: Map of Sampling Points of Interest on the WPI Campus. Derived from 
OliverGIS, Arcmap, and Streamstats Databases 
  
The areas of interest (AOI) were chosen to meet the criteria set by Nitsch Engineering had given. 
Therefore, the following types of areas will tested: parking lot (AOI #1),  light traffic road (AOI 
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 #2), heavy traffic road (AOI #3), sidewalk (AOI #4), green roof (AOI #5), grey roof (AOI #6), 




3.1 Project Scope 
The scope of our project is to sample and analysis stormwater runoff to gain a better                
understanding of the current stormwater management situation in order to improve upon it by              
designing a Best Management Practice (BMP). This project is sponsored by Nitsch Engineering,             
a consulting firm who wants to look at stormwater runoff from the following surfaces: walkway               
pavement, parking lot pavement, grassy area, standard roof, and green roof. This will be              
completed by researching BMPs, analyzing campus for the optimal sampling sites, utilizing our             
sampling protocol to collect and test samples, analyzing the data to find what is in the                
stormwater runoff, and then decided on where and how to design our BMP for the WPI campus. 
  
3.2 Objectives 
In order to accomplish our goal we will be using the following objectives: 
1. Research the effects of nutrient and pollutant loadings in addition to various best 
management practices use and effectiveness. 
2. Map the campus watershed and sample various stormwater catchment areas to test for 
nitrogen, phosphorus, TSS, and other pollutants. 
3. Analyze the results of the samples to see where different contaminants flow and how they 
might be mitigated. 
4. Use the research, sampling, and analysis to design a best management practice to 
implement on campus. 
  
3.3 Overall Approach 
A detailed sampling protocol was developed to allow the team to identify various locations on 
the WPI campus that are representative of various surface types that typically contribute to urban 
stormwater runoff and how such stormwater samples were to be collected (see Appendix A). The 
samples were then to be comparatively analyzed to assess the unique pollutant loading in the 
stormwater for each location. Samples for each surface type are to be taken during the same rain 
event within the first hour to provide the most accurate data possible. By assessing and 
comparing contaminants in stormwater samples for the different surface types selected, the team 
then can apply the observations on the contaminant levels in stormwater to develop a Best 




 3.4 Sample Collection Plan 
The purpose of the field sampling protocol guide (see Appendix A) was to provide a set of 
working directions for sampling crews to perform sampling activities in a safe and consistent 
manner.​ ​The sampling protocol was modeled after both The United States Environmental 
Protection Agency’s Field Sampling Quality Control (dated, April 26, 2017) and The Nitsch 
Engineering Field Sampling Control Guide (dated, September 5, 2018). See appendix for 
complete sampling protocol. Stormwater samples to be analyzed for water quality are to be 
collected using one of three methods, Method 1, 2, or 3. Sampling Method 1 applies to 
impervious surfaces, Method 2 applies to pervious surfaces, and Method 3 applies to surfaces 
that require a unique sampling method due to location. Velocity and area calculation Method A 
is used for surfaces with minimal slope, Method B is used for surfaces with a significant slope, 












3.5 Surface Selection 
The sites to be sampled were chosen based on the requirements of Nitsch Engineering to sample 
a walkway, grassy area, street, parking lot, grey roof, and green roof. Additional sampling sites 
of Salisbury Pond and the private WPI road were chosen to collect samples from the water to 
which the stormwater is drained and also to gather data to assist in a stormwater management 
plan started by another WPI project team. Table 1 details the criteria for each surface type 














 Table 1: Summary of Sampled Surfaces  
Surface 
Type 
Criteria Location Sampling 
Method 
Parking Lot -Heavily used parking lot 
-Minimal Pervious Surface 
-Accessible drains/catch basins 
with decent flow in light rain 
-Boynton Street Lot 
WPI Campus 






-Lightly trafficked road 
-Minimal pervious surface 
-Gradual slope ~5-15% 
-Accessible drain with decent 
flow in light rain 
-Private WPI way 
adjacent to Boynton 






-Receiving water body for 
stormwater from sampling areas 




-Heavily trafficked road 
-Minimal pervious surface 
-Accessible drain with decent 
flow in light rain 
-Road drain at corner of 
Institute Road and 
Boynton Street 
1A 
Sidewalk -Isolated Sidewalk Drain 
-Accessible drains/catch basins 
with decent flow in light rain 
-Flat 
-Sidewalk catch Basin 
at the Bottom of the 
Steps beside Fuller 
Labs 
-Near Kaven Hall 111b 
1- 
Green Roof -Isolated Green Roof drain 
-Accessible drain with decent 
flow in light rain 




Grey Roof -Isolated Grey Roof drain 
-Accessible drain  with decent 
flow in light rain 





 Grassy Hill -Steep slope ~15-30%  grassy 
area 
-Maximum pervious surface 
-Area free of heavy tree cover or 
man made structures 
-Grassy hill adjacent to 
skull tomb (Corner of 




When dealing with storm and rain runoff it is important to understand the storm and amount of 
precipitation that is going to be created. This is especially important when trying to design BMP 
to counteract runoff. The Environmental Protection Agency (EPA) defines a storm event as any 
rainfall event in which the rain event has 0.1 inch of rainfall within 72 hours from a previously 
measurable rainfall event. In order for the storm event to qualify for sampling (QSE) it first has 
to produce a discharge for one drainage area. And second, the storm is preceded by 48 hours of 
no discharge to a specific drainage area. (Florez, 2015) For this project a qualifying storm will be 
any storm that produces a rainfall event that has half an inch of rainfall. 
  
3.6 Labeling 
 When collecting samples, it is important to label them properly so that quality assurance 
and quality control (QA/QC) is achieved throughout the sampling process. For every sample a 
standard label will be printed and filled out before sampling commences. The field characteristic 
of interest on the label are location, date, time, sample #, and additional notes if necessary. 
Furthermore, all samples have the name of the project, advisor names and a general description 
of the sample. This allows for the sample to be identified by external parties when its 
encountered in the community refrigerator unit in the environmental lab. The filled out label will 
be secured to the bottle with clear packing tape so that it does not become damaged during 
sampling conditions. See Figure 5 for the standardized label for this project. 
 
Figure 6: Standardized sample label 
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3.7 Measurements 
 There are several characteristics that will be measured in the field and in the lab when 
analyzing stormwater runoff. In the field, the velocity and cross sectional area will be measured 
to understand the volumetric loading or flow rate of subsequent contaminants. Additionally, the 
temperature of the sample will be taken, before it reaches the ice chest to conclude if temperature 
affects contaminant loading. Finally, the dissolved oxygen will be measured and recorded. All 
records will be documented prior to sampling conclusion. 
Following the rain event, the total precipitation will be recorded by the gage located at Worcester 
Regional Airport. Proceeding field sampling procurement, levels of the pH, nutrients, solids, 
metals, and organics will be determined using a ICS or ICP MS system or laboratory procedure. 
The values recorded for every samplable storm, see storm qualification, will be compared by: 
storm magnitude, duration, and stormless interval prior to rain event will help understand the 
effects of the microclimate on contaminant concentrations from various urban surfaces. 
  
3.8 Introduction to Lab Procedures 
 In order to better understand the pollutants and runoff that is to be collected, it will be necessary 
to complete many different lab procedure and techniques. These procedures are important in 
order to safely and properly understand what is taking place on the WPI hill when it comes to 
storm runoff. For this project many of the lab procedures have been taken directly from the 
Worcester Polytechnic Institute Laboratory Procedures archive. When in the lab, ten different 
materials will be tested for. Per Nitsch Engineering the ten materials that will be tested for will 
be pH, Dissolved Oxygen, Total suspended solids, Alkalinity, Cations, Anions, Nitrates, Nitrites, 
Phosphate, Chloride and Total Phosphorus. For each one of these materials, there is a separate 
procedure. These procedures can be found in Appendices B - H. Following a rain event and field 
sampling the runoff water will be taken directly to the Environmental laboratory at Worcester 
Polytechnic Institute. Here, all of the lab instruments and procedure will be performed. For this 
project all samples will be tested within the recommended waiting time to ensure a viable 
sample. 
  
3.9 Sampling List 
 The runoff composition characteristics, with respect to contaminants, that will be tested 
are TSS, Alkalinity, Cations, Anions, Nitrates, Nitrites, Phosphates, and Chlorides. Additionally, 
the pH and Dissolved Oxygen (DO) will be evaluated. In order to conduct the analysis of the 
large magnitude of impurities 300ml of runoff will be collected per sample. Determining a wide 
variety of impurities in the runoff samples, from various land surfaces, with help generalize the 
individual runoff composition of contaminants. Although, the methods of testing such impurities 
will vary. 
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  As listed in the sampling protocol the pH and DO concentration will be evaluated and 
recorded in the field at the time of sampling. A pH probe and DO probe will be inserted into the 
sample and recorded immediately. It is important to test the DO concentration immediately 
because it is time sensitive due to its diffusion characteristics. By deffeering this analysis there 
will be an inaccuracy introduced to the reading. The pH analysis is recommended to be 
completed immediately for convenience, because it consists of a simple probe analysis. See 
Appendices G & H for full the procedures. The remaining contaminants will be tested in the lab. 
 The majority of the contaminant list can be processed by an ICS machine. These include: 
Nitrates, Nitrites, Phosphates, and Chlorides. See Appendix E for the procedure of using the ICS 
system. The concentration of Cations and Anions will be processed by an ICP MS system, see 
Appendix F. The Alkalinity[7]  will be analyzed using a titration based analysis, see Appendix 
D. Finally, the TSS concentration will be conducted on the remaining sample. See Appendix C 
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This document was modeled after both The United States Environmental Protection Agency’s 
Field Sampling Quality Control (dated, April 26, 2017) and The Nitsch Engineering Field Sampling 
Control Guide (dated, September 5, 2018). See appendix for original sampling plans. 
Goal and Objective  
The purpose of this field sampling protocol guide is to provide a set of working directions for 
stormwater runoff sampling crews. When performing sampling collection activities it is important to do 
so in a safe and consistent manner. The procedures and information outlined in this document will 
provided the intended framework to ensure quality assurance and quality control of the sampling 
guidelines. By following these procedures and protocols, crews are able to obtain samples that are 
accurate and to a standard of care which WPI and Nitsch Engineering require. The procurement of precise 
and accurate data is vital when conducting such analyses. 
Field Sampling Safety 
Safety in the field is of the utmost importance when field sampling is to occur. Sampling crews should 
adhere to the Standard Health and Safety Practices (i.e. EPA Handbook for Sampling and Sample 
Preservation of water and WasteWater, OSHA Regulations, Standards and Policies, etc.).  
 
When Sampling in the field, Crews should remember: 
1) You are responsible for your own safety 
2) Others are ​NOT​ Responsible for your safety 
3) If you feel unsafe in the working conditions, you should not work 
4) Never sample alone, always be with at least one other crew member 
5) Make sure someone knows where you are 
6) Wear appropriate field work apparel 
7) Stay alert 
8) If weather becomes too hazardous, find cover immediately  
9) When working in areas were vehicles may be a hazard always use signs, cones and other traffic 
warning signals 
10) When working in traffic, ensure that the local authority and facility staff is notified and on site.  
11) When working with potential hazardous samples always wear protective gloves, clothing, etc.  
12) When working with storm drains, grate, catch basins, etc. ensure that WPI Facilities are aware 
and present 
13) When in the field use common sense and ensure that you and your crew are safe.  
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 Supplies and Materials 
 
Before going into the field ensure that you have all of the required materials need to samply correctly and 
safely. The crews typical list of materials should include: 
 
General  
1) Field notebook/ or spread sheet 
2) Rain Gauge 
3) Sharpie/permanent ink writing instrument 
4) Appropriate personal protective equipment 
5) Traffic cones, signs, flares,etc. 
6) Reflective and personal safety apparel 
7) Local Authorities 
8) Manhole Hook 
a) When opening grate and manhole crews should use a hook to safely open the cover 
9) Grade stake 
10)  Shovel  
a) When Sampling on grassy areas, crews may need to use a shovel in order to dig a hole to 





3) Clear Packing tape 
4) Labels 
5) Safety Gloves 
6) 100mL plastic sampling bottles 
a) Number of bottles need to be based on the number of sampling locations & samples per 
location. 
b) Ensure that sampling bottles are clean and free of any residue 
c) If the bottles are being reused  it is important that the bottles be cleaned with distilled 
water ​only​ and then allowed to dry completely 
7) 50mL plastic sampling bottles 
a) Number of bottles need to be based on the number of sampling locations & samples per 
location. 
8) Ziplock Sandwich Bag 
a) Number of Ziplock bags need to be based on the quantity of sampling crews 
b) Pre-cut with zipper strip remove 
9) Large Zip Lock Bag 
a) Number of Ziplock bags need to be based on the quantity of sampling crews 
b) Pre-cut along 2 edges with zipper strip removed 
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 10) Wood 2x4 
a) Number of wood 2x4 need to be based on the quantity of sampling crews 
11) Plastic cup  
a) Number of Plastic cups need to be based on the quantity of grass based sampling 
locations 
12) Sampling pole 
 
Velocity 
1)  Colored dye 
2)  Barrel 
3)  6 ft. of clear hose 
4)  3 sections of sheet metal studding 2’ long 
5)  Stop Watch 
6)  Several sand bags or zip lock bags with sand in them 
7)  Ruler/ Tape measure 
 




 Sampling Procedure 
 
In order to ensure that the results of your field sampling are accurate and consistent results you should 
follow the procedure below. This procedure is as follows:  
 
1) Prior to Field Sampling  
a) Check the Supplies and Materials list 
i) Ensure that you have all the necessary supplies and materials for the area that you 
will be sampling. (i.e. if you are sampling in a roadway you want to make sure 
that you have the necessary traffic supplies such as cones, flares, signs, and 
scheduled detail where necessary) 
ii) Check each item to ensure cleanliness and functionality 
b) Prepare the field sampling notes sheets 
i) This includes the sampling index sheet, notepads, and ensuring that you have all 
the correct labels filled out and administered to clean sample bottles. 
c) Ensure crews know the area where they will be sampling and the goal of the sampling 
that is to occur on that day 
i) Two person crews are recommended  
d) Ensure that all sampling bottles are completely cleaned and dry to ensure ​Quality 
assurance and Quality Control 
e) If manhole or storm drain covers are required to be opened ensure that the proper 
authority has been notified and that they will be present at the sampling site. 
f)  If the crew will be working in a roadway, ensure that the proper authorities have been 
informed and will be present at the sampling location 
g) Review the weather report for the sampling day 
i) Ensure that the weather will not be to hazardous as to endanger the field 
sampling crew 
 
2) Arrival in field and sampling area  
a) Familiarize yourself with the sample area  
i) Ensure that the area is going to obtain the best results 
(1) There is enough runoff to sample 
(2) There is enough flow to measure 
ii) Ensure that the area is safe  
b) Set up all of the supplies and materials that are required in the sampling area  
i) If working in roadway, set up your safety equipment first (i.e. cones, signs, flares, 
etc.) and that detail has arrived 
ii) If weirs and/or dams are required, set them up and check that they are giving you 
the desired execution/ flow restriction 
iii) If manhole or storm drain cover need to be opened, open them in a safe and 
controlled manner under the supervision of the appropriate authority 
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 iv) Ensure that your sampling bottles are correct and ready to go when sampling is to 
begin 
c) Record the weather conditions 
i) Record the weather (i.e. Temperature, Conditions (i.e. Sunny, cloudy)) 




a) Water Quality 
 
Method 1 (impervious surfaces) 
i) Channel/dams all sheet flow to sampling location as to impede flow velocity 
minimally 
ii) Use a clean bottle and a new, clean pair of gloves 
iii) Place 2x4 on the ground, perpendicular to flow at sampling location 
iv) Place large zip lock bag strip on ground draped over 2x4, parallel to flow 
(1) This process will promote pooling by restricting flow 
(2) The zip lock bag strip creates a buffer from contaminants at immediate 
sampling location 
v) When pooling occurs, use smaller zip lock bag to collect runoff and transfer to 
the 100 mL sample bottle.  
vi) Fill bottle as much as possible 
vii) Record the temperature of the sample 
viii) Place bottled sample into cooler for safe keeping until further testing 
ix) In a 50 mL sample bottle collect another sample 
x) Record the dissolved oxygen concentration 
xi) Dispose of sample in safe manner 
 
 
Method 2 (pervious surface) 
i) Locate an area of runoff pooling or flow  
ii) With a plastic cup capture runoff 
a) When sampling, do not contact the ground so that unwanted debris is 
introduced to the sample  
iii) Transfer captured runoff to corresponding sample bottle 
iv) Fill bottle as much as possible 
v) Record the temperature of the sample 
vi) Place bottled sample into cooler for safe keeping until further testing 
vii) In a 50 mL sample bottle collect another sample 
viii) Record the dissolved oxygen concentration 
ix) Dispose of sample in safe manor 
 
Method 3 (East Hall Mechanical Room) 
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 i) After testing the flow rate of the system (to flush pipes) Place hose connected to 
outlet pipe, into the sample bottle 
a) Do not contact the hose to the bottle so that external contaminations 
are introduced to the sample. 
ii) Fill bottle as much as possible 
iii) Record the temperature 
iv) Place bottled sample into cooler for safe keeping until further testing 
v) In a 50 mL sample bottle collect another sample 
vi) Record the dissolved oxygen concentration 
vii) Dispose of sample in safe manor 
 
b) Velocity & Area 
 
Method A (minimal slope) 
i) Channel/dams all sheet flow to sampling location as to impede flow velocity 
minimally 
ii) Place graduated sheet metal stud at the end of the channel, parallel to flow 
iii) Record the height of flow through the rectangular stud 
iv) Drip dye into the up gradient beginning portion of the stud 
(1) Begin stopwatch once the dye contacts the runoff at the beginning of the 
channel 
v) Record the time it takes the dye to reach the end of the 2 foot section of studding 
 
 
Method B (significant slope) 
i) Locate a channel of flow within the area of interest 
ii) Measure the length of channel and record the value 
a) Flow may vary so a larger section is recommended to understand the 
average 
iii) Measure the depth and width of the channel within the area of interest 
a) Several measurements will be necessary due to possible variations in 
cross- sectional area 
iv) Average the areas and record 
v) Drip the dye at the upgradient location 
vi) Record the time the trace of dye until it reaches the designated end  location 
 
 
Method C (flow meter present) 
i) Place hose, connected to outlet pipe, into the graduated barrel 
ii) Open control valve and monitor flow 
iii) Time the water level as it reaches graduated markings 




4) Storage and Transport  
a) In order to keep the samples viable, after sampling the bottle should be tightly and 
securely sealed. Then they should be placed into a cooler and encased in ice. The ice 
should be drained and replenished as it begins to melt. The label on the bottle should be 
cover in clear packing tape to ensure the writing stay visible and dry. As soon as possible, 
the samples should be moved directly from the cooler to a refrigerator until they are ready 
for lab testing.  
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 Sampling Index Sheet 
The table below should be partially completed on the the day of field testing. This type of sheet 
helps the sampling crew to identify many different aspects of the sampling. Further testing will take place 
to determine the quantity of contaminants. 
 
Table 1: Sampling Index Sheet 






















10/2/18 5:00 PM Kaven Lot 1 
catch basin in 








10/2/18 5:15 PM 
Institute 
Road 1 
catch basin @ 
institute- 
boyton st 
intersection - - - - - - 
10/2/18 5:30 PM 
Kaven 
Walk 1 
8"x 8" surface 
drain by 111b - - - - - - 







trough - - - - - - 
157 
 Labeling 
The figure below shows a recommended format for labeling the samples collected. It is important 
to record the location of the sample, date, and time to adequately identify where the  runoff sample 
originated. Also, when sampling multiple times across a storm at a consistent location it is recommended 
to list the sample number so that the order of the collected samples can be understood when analysis 
commences in the laboratory. Finally, it is suggested to identify the owner, sampler, or organization  in 
addition to its general contents. This will ensure that an outside person/persons who may encounter the 




 Surface Selection and Criteria 
 
Table 2 details the criteria for each surface type sampled, the location of the sampling area, and the 
sampling method applicable for each surface. The following section outlines how each chosen sampling 
area fulfills the project objectives and provides visuals of the sampling surface for clarity. All surfaces, 
barring the Green Roof and Grey Roof, were observed during a light rain storm to determine suitability 
based on accessible flow for sampling. 
 
Table 2: Summary of  Sampled Surfaces 
Surface Type Criteria Location Sampling Method 
Parking Lot 
-Heavily used parking lot 
-Minimal Pervious Surface 
-Accessible drains/catch basins with decent 
flow in light rain 
-Boynton Street Lot WPI 
Campus 





-Lightly trafficked road 
-Minimal pervious surface 
-Gradual slope ~5-15% 
-Accessible drain with decent flow in light rain 
-Private WPI way adjacent to 






-Receiving water body for stormwater from 
sampling areas -Salisbury Pond  
Heavy 
Traffic Road 
-Heavily trafficked road 
-Minimal pervious surface 
-Accessible drain with decent flow in light rain 
-Road drain at corner of 




-Isolated Sidewalk Drain 
-Accessible drains/catch basins with decent 
flow in light rain 
-Flat 
-Sidewalk catch Basin at the 
Bottom of the Steps beside 
Fuller Labs 
-Near Kaven Hall 111b 
1- 
Green Roof -Isolated Green Roof drain -Accessible drain with decent flow in light rain 
-East Hall Green Roof Effluent 
(Mechanical Room) 3C 
Grey Roof -Isolated Grey Roof drain -Accessible drain  with decent flow in light rain 
-East Hall Grey Roof Effluent 
(Mechanical Room) 3C 
Grassy Hill 
-Steep slope ~15-30%  grassy area 
-Maximum pervious surface 
-Area free of heavy tree cover or man made 
structures 
-Grassy hill adjacent to skull 
tomb (Corner of Institute rd. 







 1) Surface Type:​ Parking Lot 
. 
a) Location: Boynton Street Lot WPI Campus,  
Parking lot catch basin 
 
b) Purpose: The chosen parking lot drain in the Boynton St. parking lot of the WPI  
campus was identified as a sampling location due the the high amount of 
shallow concentrated flow entering the drain originating from the 
Southern side of the parking lot. The drain was also receiving a fair 
amount of sheet flow from the adjacent Eastern area of the parking lot.  
 
In terms of project objectives, this sampling location allows for the team 
to analyze contaminants in stormwater originating from heavily use 
parking lots. The high amount of flow running into the drain and the 
limited surface types the stormwater came in contact with made this an 
ideal place to sample as the contaminants we found were representative 
of one type of surface. 
 
c) Pictures: 
↑ Above: Up close Boynton st. Lot catch basin 
 










 2) Surface Type:​ Light Traffic Road 
. 
a) Location: Private WPI way adjacent to Boynton Street Parking Lot 
Road drain 
 
b) Purpose: The road drain located on the WPI private way adjacent to the  
Boynton St. Parking lot was determined to be a suitable sampling 
location due to the high amount of concentrated shallow flow 
entering the drain emanating from the lightly used private way 
stretching up towards the WPI campus and Boynton Hall. 
 
While not completely isolated from other types of surfaces, this sampling 
location provides an accessible point for sampling and fairly 
concentrated road-based stormwater flow and should be representative of 




↑ Above: Up close view of road drain 
 













 3) Surface Type:​ Heavy Traffic Road, Sampling Method 1A 
 
d) Location: Road drain at corner of Institute Road and Boynton Street 
 
e) Purpose: The chosen road drain at the corner of Institute rd. and Boynton st.  
was identified as a sampling location due to the high amount of 
flow entering the catch basin originating from the Eastern-bound 
portion of Institute rd. and the limited flow to the drain over other 
surface types. 
 
This sampling location allows for assessment of contaminants 
found in stormwater originating from a heavily trafficked road due 
to the concentrated flow off of one surface type. The high amount 
of flow in a light rain storm and accessibility of the location 
(adjacent to a no parking space on the street) made this arae an 


























 4) Surface Type:​ ​Sidewalk 
 
a) Location: Sidewalk catch Basin at the Bottom of the Steps beside Fuller  
Labs near Kaven Hall 111b 
 
b) Purpose: The chosen sidewalk catch basin was chosen as a sampling  
Location as the flow running into the drain originates from the 
surrounding sidewalk area. The flow into this sidewalk drain is not 
high as the area that contributes to the flow is much smaller than 
that of a road or parking lot. 
 
In terms of project objectives, this sampling location allows for the 
isolation of contaminants in stormwater originating from a 






























 5) Surface Type:​ Green Roof 
 
a) Location: East Hall Green Roof Effluent (Mechanical Room) 
 
b) Purpose: The purpose of this site is to analyze the effectiveness of impurity  
removal. 
 
c) Pictures:  
 




 6) Surface Type:​ Grey Roof 
 








7) Surface Type​:​ Grassy Hill 
 
a) Location: Grassy hill adjacent to skull tomb 
 
b) Purpose: The grassy hill adjacent to Skull Tomb and Boynton Hall is the  
steepest hill on campus with the largest percentage of pervious 
surface area. Flow is difficult to detect on the hill and sampling 
from this location requires a unique method​.  
 
This sampling location allows for the team to analyze contaminants in 
stormwater originating from a majority pervious surface in comparison to 

























Above: Grassy Hill near Skull Tomb  
      Slope (5-15%) 
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 8) Surface Type:​ Discharge Water Body 
a) Location: Salisbury Pond 
b) Purpose: Stormwater runoff from all other sampling sites drain into Salisbury 
Pond. Sampling this location will allow the team to compare water quality and 
quantity from the different sites to the water quality and quantity that reaches the 
ecosystem.  
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 Appendix B: 
Total Phosphorus (from Worcester Polytechnic Laboratory Procedures): 
The analysis for total phosphorous can be completed at any time after the sample is taken. The 
procedure follows the steps below. 
1. Digest the 60 mL sample bottle under the fume hood using sulfuric acid and ​____​ for an 
appropriate amount of time (typically overnight) 
2. Prepare blank Spectrometer sample 
a. Add one drop of phenolphthalein to a square Spectrometer vial 
b. Titrate with ​___​ M NaOH 
c.  ​Fill to 25 mL mark with DI water 
d. Add 1 mL of Molybdovanadate to solution and swirl 
3. Transfer 25 mL of the digested sample to a volumetric flask 
4. Transfer sample to a small beaker and clean volumetric flask with DI water 
5. Add one drop of phenolphthalein to sample 
6. Titrate with ​__​ M NaOH 
7. Transfer solution to Spectrometer vial 
8. Add 1 mL of Molybdovanadate to sample and swirl 
9. Fill to line with DI water 
10. Prepare DR|3000 Spectrometer 
a. Press On 
b. Press Timer 
c. Input 3 minutes 
d. Press Timer to begin 
11.  ​Once the Spectrometer is ready, insert the blank vial with the line facing outwards and 
read the result 
a. Press Abs 
b. Zero 
Insert prepared samples and read the result 
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 Appendix C: 
Total Suspended Solids (from Worcester Polytechnic Laboratory Procedures): 
1. To prepare filters: 
a. Set up ​_____​ pump 
b. Use tweezers to place #​___ ​filter (1.5 µ) in pump 
c. Filter with DI water 
d. Label aluminum pans 
e. Place filters and aluminum pans in oven to dry for a few hours 
2. Weigh filter and record result (make sure to record the entire number) 
3. Place filter in pump and pump sample through 
a. If there is a lot of TSS, can use 500 mL or 250 mL instead of 1000 mL and 
multiply the result by the correct factor 
4. Dry filters with sample in oven for a few hours 
5. Zero aluminum pan 
6. Add filter with sample and record entire result 
7. Calculate the amount of suspended solids 
a.   m  T SSm f ilter with sample −  initial f ilter =    
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 Appendix D: 
[Need alkalinity procedure] 
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 Appendix E: 
[Need ion chromatography procedure] 
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 Appendix F: 
[Need ICP MS Procedure] 
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 Appendix H: 
Dissolved Oxygen Procedure (from Worcester Polytechnic Laboratory Procedures): 
1. Clean the DO probe with brown circular material; empty cover and refill with Electrolyte 
solution 
2. To calibrate DO probe (Orian 3star Thermo): 
a. Fill beaker with partway with water and insert probe (it should not be fully 
submerged) 
b. Place on stir plate 
c. Turn on spec and press calibrate 
d. Let sit for several hours 
3. Remove DO probe from calibration solution and insert into 300 mL glass DO bottle 
4. Quickly record reading 
5. Rinse DO probe with DI water 
6. Repeat steps 3 to 5 for each sample 
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